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Name cadidates for Prizes 


The following prizes will be available for 
award in the latter part of 1980 and will be 
bestowed at General Meetings of the Society 
in 1981. Members of the Society are invited 
to propose candidates to the respective 
Committees charged with the privilege of 
recommending or, in the case of the Heine- 
man Prize, selecting the prizewinner. Ad¬ 
dresses of Prize Committee Chairpersons to 
whom suggestions should be sent are given 
below. 


1981 AMERICAN PHYSICAL SOCIETY 
HIGH-POLYMER PHYSICS PRIZE, 

sponsored by the Ford Motor Company. 

Purpose. To recognize outstanding accom¬ 
plishment and excellence of contributions in 
high-polymer physics research. 

Nature. The prize consists of $3000 and a 
certificate citing the contributions made by 
the recipients. 

Establishment and Support. This annual 
prize was established in 1960 by the Ford 
Motor Company. 

Rules and Eligibility. Nominations are open 
to scientists of all nations regardless of the 
geographical site at which the work was 
done. The prize may be awarded to more 
than one person on a shared basis. 

Send name of proposed candidate and sup¬ 
porting information before 1 September 1980 
to Frank E. Karasz, Goessman Lab., Uni¬ 
versity of Massachusetts, Amherst, M A 
01002. 

1981 TOM W. BONNER PRIZE IN NU¬ 
CLEAR PHYSICS, sponsored by friends of 
Tom W. Bonner. 

Purpose. To recognize and encourage out¬ 
standing experimental research in nuclear 
physics, including the development of a 
method, technique, or device that signifi¬ 
cantly contributes in a general way to nucle¬ 
ar physics research. 

Nature. The prize consists of $1000 and a 
certificate citing the contributions made by 
the recipient. 

Establishment and Support. The annual 
prize was established in 1964 as a memorial 
to Tom W. Bonner by his friends, students, 
and associates. 

Rules and Eligibility. Nominations are open 
to physicists whose work in nuclear physics 
is primarily experimental, but a particularly 
outstanding piece of theoretical work will 
take precedence over experimental work. 


There are no time limitations on work 
described. 

Send name of proposed candidate and sup¬ 
porting information before 1 September 1980 
to John Schiffer, Argonne National Lab., 
Bldg. 203, Argonne, IL 60439. 


1981 OLIVER E. BUCKLEY SOLID- 
STATE PHYSICS PRIZE, endowed by 
Bell Laboratories. 

Purpose. To recognize and encourage out¬ 
standing theoretical or experimental contri¬ 
butions to solid-state physics. 

Nature. The prize consists of $5000 and a 
certificate citing the contributions made by 
the recipient or recipients. 

Establishment and Support. The prize was 
established in 1952 by Bell Laboratories as a 
means of recognizing outstanding scientific 
work in America. 

Rules and Eligibility. Each prize shall be 
awarded for a most important contribution 
to the advancement of knowledge in solid- 
state physics. 

Send name of proposed candidate and sup¬ 
porting information before 1 September 1980 
to Marvin L. Cohen, Dept, of Physics, Uni¬ 
versity of California, Berkeley, CA 94720. 

1981 DANNIE HEINEMAN PRIZE 
FOR MATHEMATICAL PHYSICS, en¬ 
dorsed by the Heineman Foundation for Re¬ 
search, Educational, Charitable, and Scien¬ 
tific Purposes, Incorporated. 

Purpose. To recognize outstanding publica¬ 
tion in the field of mathematical physics. 

Nature. The prize consists of $5000 and a 
certificate citing contributions made by the 
recipient. 

Establishment and Support. The prize was 
established in 1959 by the Heineman Foun¬ 
dation for Research, Educational, Charita¬ 
ble, and Scientific Purposes, Incorporated, 
and is administered jointly by the American 
Institute of Physics and The American 
Physical Society. 

Rules and Eligibility. This annual prize is 
awarded solely for valuable contributions 
made in the field of mathematical physics 
with no restrictions placed on a candidate’s 
citizenship or country of residence. “Publi¬ 
cation” is defined as either a single paper, a 
series of papers, a book, or any other com¬ 
munication which can be considered a pub¬ 
lication. The prize may be awarded to more 
than one person on a shared basis. 


Send the name of proposed candidate and 
supporting information before 1 September 

1980 to Joaquin M. Luttinger, Physics 
Dept., Columbia University, New York, 

NY 10027. 

1981 DAVISSON-GERMER PRIZE, 

donated by Bell Laboratories. 

Purpose. To recognize and encourage out¬ 
standing work in atomic physics or surface 
physics. The prize for 1980 will be given for 
outstanding work in atomic physics. 

Nature. The prize consists of $2500 and a 
certificate citing the contributions made by 
the recipient or recipients. 

Establishment and Support. The prize was 
established in 1965 by Bell Laboratories as a 
means of recognizing outstanding scientific 
work in America. 

Rules and Eligibility. This annual prize will 
normally be awarded alternately for out¬ 
standing work in atomic physics one year 
and for outstanding work in surface physics 
in the next year. The 1980 prize will be 
awarded for outstanding work in atomic 
physics. 

Send name of proposed candidate and sup¬ 
porting information before 1 September 1980 
to Stig B.M. Hagstrom, Xerox Parc, 3333 
Coyote Hill Road, Palo Alto, CA 94304. 

1980 AMERICAN PHYSICAL SOCI¬ 
ETY PRIZE IN FLUID DYNAMICS, 

sponsored by The Office of Naval Research. 

Purpose. To recognize and encourage out¬ 
standing achievement in fluid dynamics 
research. 

Nature. The prize consists of $3000, an 
allowance for travel to the meeting at which 
the prize is awarded, and a certificate citing 
the contributions made by the recipient. 

Establishment and Support. The prize was 
established in 1979 with support from the 
Office of Naval Research as a means of rec¬ 
ognizing outstanding scientific work and 
disseminating information in fluid dyna¬ 
mics and the physics of the fluid state. 

Rules and Eligibility. The prize is awarded 
for major contributions to fundamental flu¬ 
id dynamics made during a career of out¬ 
standing work in the United States. 

Send the name of proposed candidate and 
supporting information before 1 July 1980 to 
J. Laufer, Dept, of Aerospace Engineering, 
University of Southern California, Los An¬ 
geles, CA 90007. 

1981 AMERICAN PHYSICAL SOCI¬ 
ETY PRIZE IN FLUID DYNAMICS, 

sponsored by The Office of Naval Research. 

Purpose. To recognize and encourage out¬ 
standing achievement in fluid dynamics 
research. 

Nature. The prize consists of $3000, an 
allowance for travel to the meeting at which 
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the prize is awarded, and a certificate citing 
the contributions made by the recipient. 

Establishment and Support. The prize was 
established in 1979 with support from the 
Office of Naval Research as a means of rec¬ 
ognizing outstanding scientific work and 
disseminating information in fluid dyna¬ 
mics and the physics of the fluid state. 

Rules and Eligibility. This prize is awarded 
for major contributions to fundamental flu¬ 
id dynamics made during a career of out¬ 
standing work in the United States. 

Send the name of proposed candidate and 
supporting information before 1 September 

1980 to Raymond Emrich, Lehigh Universi¬ 
ty, Physics Bldg. 16, Bethlehem, PA 18015. 

1981 AMERICAN PHYSICAL SOCI¬ 
ETY INTERNATIONAL PRIZE FOR 
NEW MATERIALS, sponsored by the In¬ 
ternational Business Machines 
Corporation. 

Purpose. To recognize and encourage out¬ 
standing achievement in the science and ap¬ 
plication of new materials, including theo¬ 
retical and experimental work contributing 
significantly to the understanding of such 
materials. 

Nature. The prize consists of $5000, an 
allowance for travel to the meeting of the 
Society at which the prize is announced, and 
a certificate citing the contributions made 
by the recipient. 

Rules and Eligibility. Nominations are open 
to scientists of all nationalities regardless of 
the geographical site at which the work was 
done. The prize may be awarded to more 
than one person on a shared basis although 
preferably to not more than three persons. 

Send the name of proposed candidate and 
supporting information before 1 September 
1980 to John K. Hulm, Chemical Science 
Div., Westinghouse Research Labs., 1310 
Beulah Road, Pittsburgh, PA 15235. 

1980 JAMES CLERK MAXWELL 
PRIZE FOR PLASMA PHYSICS, donat¬ 
ed by Maxwell Laboratories Incorporated. 

Purpose. To recognize outstanding contri¬ 
butions to the field of Plasma Physics. 

Nature. The prize consists of $3500 and a 
certificate citing the contributions made by 
the recipient. 

Establishment and Suport. The annual prize 
was established in 1975 by the Maxwell Lab¬ 
oratories, Inc., San Diego, Calif. 

Rules and Eligibility. The prize will be 
awarded to United States residents for work 
done primarily in the United States. The 
prize shall be for outstanding contributions 


to the advancement and diffusion of the 
knowledge of properties of highly ionized 
gases of natural or laboratory origin. 

Send the name of proposed candidate and 
supporting information before 1 July 1980 to 
Richard F. Post, Lawrence Livermore Lab., 
P.O. Box 808, Livermore, CA 94550. 

1981 EARLE K. PLYLER PRIZE, spon¬ 
sored by the George E. Crouch Foundation. 

Purpose. To recognize and encourage nota¬ 
ble contributions to molecular 
spectroscopy. 

Nature. The prize consists of $1000 and a 
certificate citing the contributions made by 
the recipient. 

Establishment and Support. This annual 
prize was established in 1976 by the George 
E. Crouch Foundation. 

Rules and Eligibility. Nominations are open 
to scientists in North America. The prize 
may be given for experimental or theoretical 
achievements, for a single dramatic innova¬ 
tion, or for a series of research contributions 
which, when integrated, amounts to a major 
contribution to the field of molecular 
spectroscopy. 

Send the name of proposed candidate and 
supporting information before 1 September 
1980 to Karl Kessler, B 164 Physics, Na¬ 
tional Bureau of Standards, Washington, 
DC 20234. 


1981 AMERICAN PHYSICAL SOCI¬ 
ETY HERBERT P. BROIDA PRIZE IN 
ATOMIC AND MOLECULAR SPEC¬ 
TROSCOPY OR CHEMICAL PHYS¬ 
ICS, sponsored by his friends and the Office 
of Naval Research. 

Purpose. To recognize and enhance out¬ 
standing experimental advancements in the 
fields of atomic and molecular spectroscopy 
or chemical physics. 

Nature. The prize consists of a $5000 sti¬ 
pend and a certificate citing the contribu¬ 
tions made by the recipient. The first prize 
will be awarded in 1980 and thereafter will 
be awarded from 1981 to 1987 in odd num¬ 
bered years. An allowance will be provided 
for travel expenses of the recipient to the 
general meeting of the Society at which the 
prize is bestowed. 

Establishment and Support. This prize was 
established in 1979 as a memorial to and in 
recognition of the accomplishments of Her¬ 
bert P. Broida, late Professor of Physics at 
the University of California, Santa Barbara. 
It is supported by the friends and colleagues 
of Herbert P. Broida and the Office of Naval 
Research. 


Rules and Eligibility. This prize is awarded 
to one individual in recognition of an out¬ 
standing contribution to the field of atomic 
and molecular spectroscopy or chemical 
physics. Emphasis will be given to work 
done in the five years prior to the award. 
Preference will be granted to an individual 
whose contributions have displayed a high 
degree of breadth, originality, and 
creativity. 

Send the name of proposed candidate and 
supporting information before 1 September 

1980 to Joseph O. Hirschfelder, Theoretical 
Chemistry Inst., University of Wisconsin, 
1101 University Ave., Madison, WI 53706. 
Together with the name of the proposed 
candidate, please submit a 250-word sum¬ 
mary of the candidate’s outstanding 
achievements; a Who’s Who type of curricu¬ 
lum vitae; and a list of the 12 most important 
publications of the candidate. 

1981 IRVING LANGMUIR PRIZE IN 
CHEMICAL PHYSICS, donated by the 
General Electric Foundation. 

Purpose. To recognize and encourage out¬ 
standing interdisciplinary research in chem¬ 
istry and physics in the spirit of Irving 
Langmuir. 

Nature. The award consists of $5000 and a 
certificate citing the contributions made by 
the recipient. 

Administration. In even-numbered years, 
the American Chemical Society selects the 
prizewinner and presents the award. In odd- 
numbered years, the American Physical So¬ 
ciety selects the prizewinner and presents 
the award. An allowance is provided for 
travel expenses of the recipient to the Gener¬ 
al Meeting of the Society at which the award 
is bestowed. 

Establishment and Support. The award was 
established in 1964 by the General Electric 
Foundation as a memorial to and in recogr 
tion of the accomplishments of Irving 
Langmuir. 

Rules and Eligibility. This award is made to 
one person who has made an outstanding 
contribution in the fields of chemical phys¬ 
ics or physical chemistry within the ten 
years prior to the award. The award is grant¬ 
ed without restriction, except that the re¬ 
cipient must be a resident of the United 
States at the time of selection and the prize 
funds must be used in the United States or its 
possessions. 

Send the name of proposed candidate and 
supporting information before 1 September 
1980 to Clyde A. Hutchison, Jr., Dept, of 
Chemistry, University of Chicago, Chicago, 
IL 60637. 
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NOMINATION FORM FOR VICE-PRESIDENT-ELECT, COUNCILLORS-AT-LARGE, AND 
CHAIRMAN-ELECT OF THE NOMINATING COMMITTEE 


TO: The Membership-at-Large of The American Physical Society 

FROM: W.W. Havens, Jr., Executive Secretary 

SUBJECT: Nominations for 1981 Vice-President-Elect, Three Councillors-at-Large, and Chairman-Elect of the Nominating Committee 


In accordance with Article VII, Section 3 of the Constitution, 
the Executive Secretary hereby requests of each member nomi¬ 
nations for the Office of Vice-President-Elect, the three posts of 
Councillors-at-Large which will become vacant at the close of the 
1981 Annual Meeting when Maurice Goldhaber will succeed 
Arthur Schawlow in the office of Vice-President, and the terms 
of William F. Brinkman, Nina Byers, and David A. Lind expire. 
Please consult the inside front cover of this Bulletin for a list of 
those members who are currently serving as officers and council¬ 
lors of the Society. 

Ronald Geballe and Raymond Orbach have been elected Chair¬ 
man and Chairman-Elect of the Nominating Committee. Newly 
elected members of the Committee are Joseph Ballam, Lewis M. 
Branscomb, John Ross, and Fay Ajzenberg-Selove. The in¬ 
cumbent members of the Committee are Andrew Bacher, Albert 
Clogston, John Johnson, and Alexander Zucker. This Committee 
is now charged to nominate, for each post to be filled, more 


than one candidate, who may or may not be the same as a candi¬ 
date nominated by the membership-at-large. Within the limits set 
by the Constitution, the Nominating Committee has full power 
and discretion for preparing a slate of candidates, and it will re¬ 
ceive the tabulation of the nominations sent to it by the mem¬ 
bership on the ballot form printed below. In accordance with 
the Constitution, the Election Ballot will include the name of 
any member who is nominated for one and the same post by not 
fewer than 304 members. 

The Nomination Ballot when completed should be mailed»to 
reach Miss Sara Siegel, Secretary to the APS Nominating Com¬ 
mittee, no later than 9 May 1980. 


DETACH AND MAIL THE NOMINATION FORM BELOW IN 
TIME TO REACH MISS SIEGEL ON OR BEFORE 9 MAY 
1980. 


detach 


NOMINATION BALLOT 

THE AMERICAN PHYSICAL SOCIETY 

(To be completed and returned only by members of the Society) 

Nominations for Vice-President-Elect, Councillors-at-Large, and Chairman-Elect of the Nominating Committee to Begin Terms in 
1981. 

For Vice-President-Elect -—— - - 

For Councillors-at-Large --- 


For Chairman-Elect of the Nominating Committee - 

Signature of Nominator 


Address Your Envelope to: Miss Sara Siegel, The American Physical Society, 335 East 45th Street, 
New York, N.Y. 10017. 
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1980 SPRING M 

Washington, D.C. 
28 April-1 May 1980 



PREAMBLE 


The 1980 Spring Meeting of The American Physical Society will 
be held in Washington, D.C., Monday through Thursday, 28 
April-1 May 1980. This year’s Washington Meeting, with 774 
contributed papers and 119 invited papers distributed among 29 
sessions, is a little smaller than the Washington Meeting in 1979. 
The meeting will be held in the Shoreham-Americana and Shera¬ 
ton Washington Hotels. Technical sessions for both contributed 
and invited sessions will be distributed between both hotels. 
Please consult the program to discover in which hotel a particu¬ 
lar session will take place. 

Those who expect to attend the Spring Meeting in Washington 
should already have made their hotel reservation. Reservations 
received before 21 March at the Shoreham-Americana and at the 
Sheraton Washington were honored at the special convention 
rate. Reservations received after 21 March at the Shoreham- 
Americana and at the Sheraton Washington will be charged the 
prevailing rates of the two hotels. All names of people who will 
occupy the room should be listed on the reservation card. If 
you still intend to make a reservation, please do so immediately 
by using the reservation form printed elsewhere in this Bulletin 
and sending it directly to either the Shoreham-Americana or the 
Sheraton Washington. IMPORTANT NOTE: THE SHOREHAM- 
AMERICANA NOW REQUIRES THAT EACH ROOM RESER- 
VA TION BE A CCOMPANIED BY A PA YMENT FOR THE 
FIRST NIGHT. ROOMS WILL NOT BE HELD WITHOUT THIS 
DEPOSIT. THE SHERA TON WASHINGTONREQUIRES A 
DEPOSIT FOR THE FIRST NIGHT TO HOLD ROOMS AFTER 
6:00 P.M. We strongly urge you to use the official reservation 
form when writing for reservations so that the reservation will 
be credited against the Society’s room allotment. 

Registration and information areas will be in the West Lobby of 
the Shoreham-Americana, Sunday through Tuesday, in the Main 
Lobby, Wednesday and Thursday, and off the Main Lobby of 
the Sheraton Washington Hotel. Bulletin boards for messages 
and notices of any changes will be posted there. Please take time 
to check these boards for information. Only registrants are per¬ 
mitted to post messages at the Message Center and to participate 
in the Meeting. 

Early registration is scheduled from 6:00-9:00 P.M. on Sunday, 

27 April. If you are planning to arrive in Washington early, you 
will be doing the Society and yourself a favor if you register 
then. Regular registration will begin at 8:30 A.M. on Monday, 

28 April. Registration fee for members is $20; for nonmembers, 
$30; for retired and unemployed members, $2; and for full time 
gradute students, $2. 

Undergraduate students are exempt from a registration fee, but 
must register at the Society of Physics Students’ Desk, which 
will be located in the Directors Room of the Shoreham-Ameri¬ 
cana Hotel. Undergraduate students must register with the SPS 
to qualify for free meeting attendance. A very interesting pro¬ 
gram, printed on page 618 of this Bulletin, has been arranged 
for the students by Dion W. Shea, the Director of the Society of 
Physics Students. 

Nonsmoking and Smoking Section: The Nonsmoking Section at 
all meetings is designated as the left side of the room facing the 


speaker; the Smoking Section is the right side of the room facing 
the speaker. Members smoking in the Nonsmoking Section 
should be requested to move to the other side of the room. 

A cash bar cocktail party will be held in the Blue Room at the 
Shoreham-Americana Hotel on Tuesday, 29 April, at approxi¬ 
mately 5:30 P.M. 

On Tuesday morning during the Nobel Prize Winners’ Session, 
the three American physicists who most recently won Nobel 
Prizes, one for medicine, and two for physics, will speak. Dr. 
Steven Weinberg of Harvard University will announce the title of 
his talk at the meeting. Dr. Sheldon Glashow, also of Harvard, 
chose the exotic title “Toward a Unified Theory: Threads of a 
Tapestry.” They will be followed by Dr. Allan M. Cormack of 
Tufts University who won the Nobel Prize in medicine and will 
give a talk entitled “Early CT Scanning and Some Recent 
Developments.” 

On Tuesday afternoon during the Ceremonial Session, 
the 1980 Davisson-Germer Prize will be awarded to Alexander 
Delgarno, Harvard University, “for his extensive contributions 
to the theory of atomic collisions and radiative transitions, and 
to the analysis of the effects of atomic and molecular processes 
in planetary atmospheres, interstellar space, and laboratory 
plasmas.” Following this, the 1980 Tom W. Bonner Prize for 
Nuclear Physics will be presented to Richard M. Diamond and 
Frank S. Stephens, both of Lawrence Berkeley Laboratory, “for 
their contributions to the understanding of high-spin states of 
nuclei, the studies of multiple Coulomb excitations with heavy 
ions, of multiple gamma ray cascades, and of the effects of the 
Coriolis coupling in rotational spectra, which are important 
ingredients in our understanding of rapidly rotating nuclei.” 

Each one of the Bonner Prize winners will give separate talks. 

The American Physical Society meeting in Washington will in¬ 
clude a concurrent conference on Shock Waves Interactions 
with Solids. It will consist of seven sessions. One symposium on 
Tuesday morning entitled “Shock Waves in Astrophysics”, two 
sessions that will be round table discussions and contributed pa¬ 
pers, and four sessions of contributed papers. The concurrent 
conference on Shock Wave Phenomena was organized by William 
J. Nellis of Lawrence Livermore Laboratory. 

On Monday morning, the Division of Nuclear Physics has ar¬ 
ranged a symposium on physics with future accelerators. The 
Division of Particles and Fields has arranged a two part sympo¬ 
sium which will take place on Monday morning and afternoon 
entitled “Elementary Particle Physics-New Experimental Re¬ 
sults I and II.” The Division of Cosmic Physics has a sympo¬ 
sium on x-ray astronomy. 

On Monday afternoon, the Committee on Applications of Phys¬ 
ics has arranged a symposium on a very important topic entitled 
“Geologic Isolation of Nuclear Waste: Technical Status of Alter¬ 
natives.” The Division of Particles and Fields will hold the second 
part of its symposium “Elementary Particle Physics-New Ex¬ 
perimental Results.” The Division of Electron and Atomic Phys¬ 
ics has arranged a symposium entitled “New Frontiers on the 
Intersection of Atomic and Nuclear Physics.” The Plasma Phys¬ 
ics Division will hold a symposium which is of interest to both 
the Divisions of Plasma Physics and Cosmic Physics entitled 
“New Knowledge of the Plasma Physics of the Solar System.” 

On Tuesday morning, in addition to the Nobel Prize Winners’ 
Session, the Forum has organized a symposium entitled “Arms 
Control and New Weapons Technology.” The Division of Elec¬ 
tron and Atomic Physics has a symposium on the contributions 
of L.H. Thomas to physics. The fourth symposium is entitled 
“Shock Waves in Astrophysics” and is organized by the program 
committee of the Topical Conference on Shock Waves, being held 
concurrently with the Washington meeting. 

On Tuesday afternoon, in addition to the ceremonial session 
with the presentation of APS prizes, the Cosmic Physics Divi¬ 
sion has arranged a symposium on “Gamma Ray Astrophysics”; 
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The Division of Electron and Atomic Physics, a symposium en¬ 
titled “Atomic and Inner Shell Hole States”; and the Committee 
on the Applications of Physics, a symposium on “Standards for 
Physical Measurement.” 

On Wednesday morning, the Division of Nuclear Physics has or¬ 
ganized a general interest session. The Forum has arranged a ses¬ 
sion entitled “Born Classified”; The Division of Fluid Dynamics, 
a symposium on the Flow of Superfluid He 3 ; and the Division of 
Particles and Fields, a symposium on Elementary Particle Theory. 

On Wednesday afternoon, the Division of Nuclear Physics will 
hold the second half of its general interest session. The Division 
of Cosmic Physics will hold a symposium on Cosmic Ray Astro¬ 
physics; The Division of Fluid Dynamics, a symposium on Quan¬ 
tum Fluids; and the Division of Particles and Fields, a symposium 
on Hadronic Physics at Moderate Transverse Momentum. 

On Thursday morning, there are three symposia; one arranged by 
the Division of Nuclear Physics entitled ’’Limits on Understand¬ 
ing of Hadronic Probes”; a symposium of the Division of Cosmic 
Physics entitled “Recent Advances in Astrophysics”; and a 
symposium of the Division of Plasma Physics entitled “Advances 
in Controlled Fusion Research.” 

On Thursday afternoon there is only one symposium, which was 
organized by the Division of Nuclear Physics, entitled “Nuclear 
Continuum Spectra at Intermediate Excitation Energies.” 

The Divisions of the Society, through their Program Commit¬ 
tees, assumed most of the responsibility for organizing the ses¬ 
sion of invited papers at this meeting. Special mention should be 
made of the work of Martin Israel (DCosP), Bernd Crasemann 
(DEAP), Andreas Acrivos (DFD), Brian Schwartz (Forum), 
Bernard Harvey (DNP), Jack Sandweiss (DPF), and Nicholas 
Krall (DPP). 

The largest number of papers contributed to this meeting is in 
the field of Nuclear Physics, where about 350 papers have been 
organized into 24 sessions. The second largest number of contri¬ 
buted papers, about 100, comes from the Division of Cosmic 
Physics. The Division of Particles and Fields is third with about 
90 papers. The Division of Electron and Atomic Physics and 
Condensed Matter Physics are about equally represented with 49 
and 43, respectively. The Divisions of Biological Physics, Fluid 
Dynamics, and Plasma Physics are represented by one contri¬ 
buted paper session each. Papers from the Forum were not suf¬ 
ficiently numerous to have a full session and are, therefore, dis¬ 
tributed in other sessions of the meeting. Help in distributing 
the papers among the various sessions was provided by M. Cross, 
Division of Condensed Matter Physics; F. McDonald, Division of 
Cosmic Physics; M. Mittleman, Division of Electron and Atomic 
Physics; and R. Chrien, T. Baltz, and C. Shakin, Division of Nu¬ 
clear Physics. The Executive Secretary and the Deputy Execu¬ 
tive Secretary both assumed the responsibility of placing the re¬ 
mainder of the papers in appropriate sessions. William J. Nellis 
and Jerry Forbes organized the Concurrent Conference on 
Shock Waves in Physics. 

The American Institute of Physics will conduct a Placement Cen¬ 
ter from 28 April-1 May 1980 in the Bird Cage Walk of the 
Shoreham-Americana Hotel. Personal interviews between physi¬ 
cists seeking employment and representatives of employers who 
are attending the meeting will be arranged. The center will be 
open from 9:00 A.M. to 5:00 P.M., Monday through Wednesday, 
and from 9:00 A.M. to 12:00 noon on Thursday. Registrants 
can also schedule appointments with the AIP Placement Consul¬ 
tant to discuss employment problems. 

Herbert Friedman, the Administrator of The American Physical 
Society Insurance Program, or a representative, will be at a desk 
in the registration area in the Shoreham-Americana Hotel to dis¬ 


tribute information and to answer questions about the APS 
Insurance Program. 

A book exhibit organized by the Conference Book Service, Inc. 
will be located at the entrance to the Bird Cage Walk of the 
Shoreham-Americana Hotel. 

A News Service will be managed for The American Physical 
Society by Audrey Likely, Director of Public Information of 
AIP. The News Service will be located in the Press/Caucus/ 

Council Rooms of the Shoreham-Americana Hotel. Here, the a 
authors of newsworthy papers will be interviewed by science 
writers for the nation’s newspapers, radio, and television; news 
releases from the meeting will be distributed. 

The Council of The American Physical Society will convene at 
9:00 A.M., Sunday, 27 April, in the Executive Room of the 
Shoreham-Americana Hotel. The meeting is open to all members 
of the Society. 

The following Divisions have scheduled business meetings: Divi¬ 
sion of Particles and Fields—Monday, 28 April 1980 at 4:30 
P.M. in the Regency Room of the Shoreham-Americana Hotel; 
Division of Nuclear Physics—Tuesday, 29 April 1980 at 4:30 
P.M. in the Washington Room of the Sheraton Washington Hotel; 
Division of Cosmic Physics-Wednesday, 30 April 1980 at 4:30 
P.M. in the Regency Room of the Shoreham-Americana Hotel. 

A short meeting of people interested in the formation of a Divi¬ 
sion of History of Physics will be held immediately after the 
L.H. Thomas session on Tuesday morning, 29 April 1980 at ap¬ 
proximately 12:00 noon in the Diplomat Room at the Shore¬ 
ham-Americana Hotel. 

The Users Group of the Indiana University Cyclotron Facility 
will meet in the Richmond Room of the Sheraton Washington 
Hotel on Tuesday, 29 April at 5:00 P.M. 

The Annual Meeting of the Holifield Heavy Ion Research Facility 
Users Group will be held on Tuesday afternoon, 29 April 1980 
at 5:00 P.M. in the Annapolis Room at the Sheraton Washington 
Hotel. 

There will be an information meeting on the status and plans for 
the Argonne Superconducting Linac Project on Wednesday after¬ 
noon, 30 April 1980 at 5:00 P.M. in the Kansas Room, Sheraton 
Washington Hotel. The status and the present near-term research 
capability of the Linac Booster will be discussed, as well as the 
plans for the larger ATLAS facility. Additional user input on 
the experimental area would be welcome. Prospective users are 
urged to attend. 

A get-acquainted informal coffee will be held for companions of 
members who attend the Washington meeting. It will be held on 
Monday morning, 28 April, at 10:00 A.M. in the Lower Lobby 
of the Shoreham-Americana Hotel. 

Last minute correspondence to The American Physical Society’s 
Officers Session Chairmen, and/or members should be addressed 
to the Chairman, APS Meeting, Shoreham-Americana Hotel, 

2500 Calvert Street N.W., Washington, D.C. 20008. 

The efforts of the local committee on coordinating this Washing¬ 
ton Meeting are hereby gratefully acknowledged. Especially to 
be commended are Chairman Karl Kessler, Sara Torrance, and 
Jo Ann Lorden whose exceptional organizational abilities ac¬ 
count for the smooth running of this meeting. 

All meeting rooms will be equipped with overhead projectors. 
Any audio visual equipment other than an overhead projector 
must be specifically requested from Ms. Jo Ann Lorden, A-640 
Administration Bldg., National Bureau of Standards, Washington, 
D.C. 20234, telephone (301) 921-2721 no later than Friday, 

4 April 1980. 
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EPITOME 

(Personal names are those of invited speakers.) 


MONDAY MORNING 

9:00 AA Symposium of the Division of Nuclear Physics: 

Physics with Future Accelerators: Eisenstein, Karl, 
Turchinetz, Kerman, Westfall. Washington Room, 
Sheraton Washington Hotel. 

9:00 AB Symposium of the Division of Particles and Fields: 

Elementary Particle Physics-New Experimental 
Results I: Tigner, Franzini, Gilchriese, Roberts. 
Regency Room, Shoreham-Americana Hotel. 

9:00 AC Symposium of the Division of Cosmic Physics: 

X-Ray Astronomy: Swank, Grindlay, Worral, 
Krolik. Palladium Room, Shoreham-Americana 
Hotel. 

9:00 AE Heavy Ions I. Baltimore Room, Sheraton 
Washington Hotel. 

9:00 AF Instrumentation and Applications I. Annapolis 
Room, Sheraton Washington Hotel. 

9:00 AG Nuclear Radioactivity and Fission. Rockville 
Room, Sheraton Washington Hotel. 

9:00 AH Neutrino Interactions. Forum Room, Shoreham- 
Americana Hotel. 

9:00 AI General Relativity. Tudor Room, Shoreham- 
Americana Hotel. ~ 

9:00 AJ Atomic and Molecular Structure: Energy. 

Richmond Room, Sheraton Washington Hotel. 
9:00 AK Shock Compression of Solids I: Graham. 

Executive Room, Shoreham-Americana Hotel. 

9:00 AL Quantum Liquids- 3 He, 4 He, and Mixtures. 

Alexandria Room, Sheraton Washington Hotel. 


MONDAY AFTERNOON 

2:00 BA Symposium of the Committee on the Applications 
of Physics; Geologic Isolation of Nuclear Waste: 
Technical Status of Alternatives: Donath, 
Witherspoon, Roy, Hench. Empire Room, 
Shoreham-Americana Hotel. 

2:00 BB Symposium of the Division of Particles and Fields: 

Elementary Particle Physics-New Experimental 
Results II: Palmer, Keman, Kafka, Thompson. 
Regency Room, Shoreham-Americana Hotel. 

2:00 BC Symposium of the Division of Electron and 

Atomic Physics: New Frontiers on the Intersection 
of Atomic and Nuclear Physics: Redi, Greenlees, 
Schuessler, Speth, Iachello. Palladium Room, 
Shoreham-Americana Hotel. 

2:00 BD Symposium of the Division of Plasma Physics: 

New Knowledge of the Plasma Physics of the Solar 
System: Rosner, Gloeckler, Alexander, Scudder, 
Grabbe. Diplomat Room, Shoreham-Americana 
Hotel. 

2:00 BE Nuclear Theory: General. Baltimore Room, 
Sheraton Washington Hotel. 

2:00 BF Intermediate Energy: Experiment I. Annapolis 
Room, Sheraton Washington Hotel. 

2:00 BG Heavy Ions II. Rockville Room, Sheraton 
Washington Hotel. 

2:00 BH Particle Theory. Forum Room, Shoreham- 
Americana Hotel. 

2:00 BI X-Ray Astronomy. Tudor Room, Shoreham- 
Americana Hotel. 

2:00 BJ Atomic Charge Transfer. Richmond Room, 
Sheraton Washington Hotel. 

2:00 BK Shock Compression of Solids II: McMahan. 

Executive Room, Shoreham-Americana Hotel. 

2:00 BL Shock Compression of Solids III: Alexandria 
Room, Sheraton Washington Hotel. 

4:30 Business Meeting of the Division of Particles 

and Fields. Regency Room, Shoreham- 
Americana Hotel. 


TUESDAY MORNING 

9:00 DA Nobel Prize Winners’ Symposium: Weinberg, 
Glashow, Cormack. Washington Room, 

Sheraton Washington Hotel. 

9:30 DB Symposium of the Forum on Physics and Society: 
Arms Control and New Weapons Technology: 
Zeiberg, Brennan, Feld. Palladium Room, 
Shoreham-American Hotel. 

9:00 DC Symposium of the Division of Electron and 

Atomic Physics: Contributions of L.H. Thomas to 
Physics: Telegdi, Shakeshaft, Richardson, 

Gutzwiller, Spruch. Diplomat Room, Shoreham- 
Americana Hotel. 

9:00 DD Special Symposium on Shock Waves in Astrophysics: 
Chevalier, Shu, Hubbard, Roddy. Empire Room, 
Shoreham-Americana Hotel. 

9:00 DE Intermediate Energy: Theory I. Baltimore Room, 
Sheraton Washington Hotel. 

9:00 DF Proton-Induced Reactions. Annapolis Room, 
Sheraton Washington Hotel. 

9:00 DG Heavy Ions III. Rockville Room, Sheraton 
Washington Hotel. 

9:00 DH Weak Interactions I. Ambassador Room, 
Shoreham-Americana Hotel. 

9:00 DI Gamma Ray Astronomy. Tudor Room, 
Shoreham-Americana Hotel. 

9:00 DJ Solid State Physics. Richmond Room, Sheraton 
Washington Hotel. 

9:00 DK Fluids and Plasmas. Executive Room, Shoreham- 
Americana Hotel. 

9:00 DL Flow Phenomena in Superfluids. Alexandria Room, 
Sheraton Washington Hotel. 


TUESDAY AFTERNOON 

2:00 EA Ceremonial Session in Honor of APS Prize Winners: 

Dalgarno, Diamond, Stephens. Washington Room, 
Sheraton Washington Hotel. 

2:00 EB Symposium of the Division of Cosmic Physics: 

Gamma-Ray Astronomy: Montmerle, Woosley, 
Evans, Ramaty. Palladium Room, Shoreham- 
Americana Hotel. 

2:00 EC Symposium of the Division of Electron and 

Atomic Physics: Atomic Inner-Shell Hole States: 
Briand, Chen, Deslattes, Johnson. Blue Room, 
Shoreham-Americana Hotel. 

2:00 ED Symposium of the Committee on Applications of 
Physics: Standards for Physical Measurement: 

Stein, Bowman, Mangum, Bullis. Empire Room, 
Shoreham-Americana Hotel. 

2:00 EE Instrumentation and Applications II. Baltimore 
Room, Sheraton Washington Hotel. 

2:00 EF Heavy-Ions: Theory. Annapolis Room, Sheraton 
Washington Hotel. 

2:00 EG Neutron Induced Reactions. Rockville Room, 
Sheraton Washington Hotel. 

2:00 EH Weak Interactions II and Other High Energy 
Physics. Ambassador Room, Shoreham- 
Americana Hotel. 

2:00 El Galactic Cosmic Rays I. Tudor Room, Shoreham- 
Americana Hotel. 

2:00 EJ Phase Transitions and Magnetic Phenomena. 

Richmond Room, Sheraton Washington Hotel. 

2:00 EK Molecular Dynamics: Panel Discussion: Holian, 
Karo, Paskin, Powell, Tsai. Executive Room, 
Shoreham-Americana Hotel. 

2:00 EL Quantum Solids. Alexandria Room, Sheraton 
Washington Hotel. 


4:15 Business Meeting of the Division of Nuclear Physics. 

Washington Room, Sheraton Washington Hotel. 
4:30 Nuclear Science Advisory Committee Reports. 

Washington Room, Sheraton Washington Hotel. 
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TUESDAY EVENING 

5:30 No Host Cocktail Party. Blue Room, Shoreham- 

Americana Hotel. 

8:00 FA Symposium of the Forum on Physics and Society: 

Prize Session: Drell, Shurcliff. Palladium Room, 
Shoreham-Americana Hotel. 


WEDNESDAY MORNING 

9:00 GA Symposium of the Division of Nuclear Physics: 

General Interest—Nuclear Physics I: Blatt, Sanders, 
Cizewski, Andrejtscheff. Washington Room, 

Sheraton Washington Hotel. 

9:30 GB Symposium of the Forum on Physics and Society: 
Born Classified: McCloskey, Ennis, Cochran, 
Halperin. Regency Room, Shoreham-Americana 
Hotel. 

9:00 GC Symposium of the Division of Fluid Dynamics: 

The Flow of Superfluid 3 He: Liu, Packard, 

Kojima, Hook. Forum Room, Shoreham-Americana 
Hotel. 

9:00 GD Symposium of the Division of Particles and Fields: 
Elementary Particle Theory: Quinn, Susskind, 
Bernard. Empire Room, Shoreham-Americana Hotel. 
9:00 GE Polarization and Few-Nucleon Systems. Baltimore 
Room, Sheraton Washington Hotel. 

9:00 GF Nuclear Theory: Reactions. Annapolis Room, 
Sheraton Washington Hotel. 

9:00 GG Intermediate Energy: Experiment II. Rockville 
Room, Sheraton Washington Hotel. 

9:00 GH Strong Interactions I. Arlington Room, Sheraton 
Washington Hotel. 

9:00 GI Galactic Cosmic Rays II. Tudor Room, Shoreham- 
Americana Hotel. 

9:00 GJ Photon Interactions and Quantum Optics. 

Richmond Room, Sheraton Washington Hotel. 

9:00 GK Shock Compression of Solids IV: Grady. Dover 
Room, Sheraton Washington Hotel. 

9:00 GL Mathematical Physics. Alexandria Room, 

Sheraton Washington Hotel. 


WEDNESDAY AFTERNOON 

2:00 HA Symposium of the Division of JSJuclear Physics: 

General Interest-Nuclear Physics II: Jaffe, Chin, 
Piekarz, Reines, Friedlander. Washington Room, 
Sheraton-Washington Hotel. 

2:00 HB Symposium of the Division of Cosmic Physics: 

Cosmic-Ray Astrophysics: Watson, Stone, Jokipii, 
Mason. Regency Room, Shoreham-Americana 
Hotel. 

2:00 HC Symposium of the Division of Fluid Dynamics: 

Quantum Fluids: Svensson, Pelizzari, Bedelle, 
Paalanen. Palladium Room, Shoreham-Americana 
Hotel. 

2:00 HD Symposium of the Division of Particles and Fields: 
Hadronic Physics at Moderate Transverse 


Momentum: Slaughter, Devlin, Lipkin, Hwa. 

Empire Room, Shoreham-Americana Hotel. 

2:00 HE Nuclear Structure Theory. Baltimore Room, 
Sheraton Washington Hotel. 

2:00 HF Electron Scattering and Photonuclear Reactions. 

Annapolis Room, Sheraton Washington Hotel. 

2:00 HG Nuclear Spectroscopy I. Rockville Room, 

Sheraton Washington Hotel. 

2:00 HH Strong Interactions II. Arlington Room, Sheraton 
Washington Hotel. 

2:00 HI General Astrophysics. Tudor Room, Shoreham- 
Americana Hotel. 

2:00 HJ Various Atomic Collisions. Richmond Room, 
Sheraton Washington Hotel. 

2:00 HK Response of Matter to High Pressure: Panel 
Discussion: Bell, Nellis, Ruoff, Shaner. Dover 
Room, Sheraton Washington Hotel. 

2:00 HL Medical and Biological Physics. Alexandria Room, 
Sheraton Washington Hotel. 

4:30 Business Meeting of the Division of Cosmic Physics. 

Regency Room, Shoreham-Americana Hotel. 


THURSDAY MORNING 

9:00 JA Symposium of the Division of Nuclear Physics: 

Limits on Understanding of Hadronic Probes. 
McManus, Ernst, Love, Kowalski. Washington 
Room, Sheraton Washington Hotel. 

9:00 JB Symposium of the Division of Cosmic Physics: 

Recent Advances in Astrophysics: Young, Grandi, 
Tremaine, McKibben. Empire Room, Shoreham- 
Americana Hotel. 

9:00 JC Symposium of the Division of Plasma Physics: 

Advances in Controlled Fusion Research: Dean, 
Tidman, Politzer, Dreicer, Chu, Coppi. Forum 
Room, Shoreham-Americana Hotel. 

9:00 JE Heavy Ions: Resonances. Baltimore Room, 
Sheraton Washington Hotel. 

9:00 JF Light-Ion Induced Reactions. Annapolis Room, 
Sheraton Washington Hotel. 

9:00 JG Nuclear Structure: Experiment. Rockville Room, 
Sheraton Washington Hotel. 

9:00 JI Solar Energetic Particles and Gamma Rays. 

Richmond Room, Sheraton Washington Hotel. 
9:00 JJ Semiconductors and Insulators. Alexandria Room, 
Sheraton Washington Hotel. 


THURSDAY AFTERNOON 

2:00 KA Symposium of the Division of Nuclear Physics: 

Nuclear Continuum Spectra at Intermediate 
Excitation Energies: Singh, Holmgren, Nagatani, 
Alhassid. Washington Room, Sheraton Washington 
Hotel. 

2:00 KE Giant Resonances and Sum Rules. Baltimore 
Room, Sheraton Washington Hotel. 

2:00 KF Nuclear Spectroscopy II. Annapolis Room, 
Sheraton Washington Hotel. 

2:00 KG Intermediate Energy: Theory II. Rockville Room, 
Sheraton Washington Hotel. 
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1980 SPRING MEETING OF THE AMERICAN PHYSICAL SOCIETY 
Washington, D.C. • 28 April-1 May 1980 

We have blocked rooms at the Sheraton Washington Hotel, 2660 Woodley Road, | 
N.W. Washington, D.C. 20008, and the Shoreham-Americana Hotel, 2500 Calvert 
Street, N.W. Washington, D.C. 20008. Special convention rates will be available * 

for reservations placed before 21 March 1980 at the Sheraton Washington and | 

Shoreham-Americana Hotels. RESERVE EARLY. All reservations placed after 21 i 
March 1980 will be charged the prevailing rates at the hotels. Rates for two and 
three bedroom suites are available upon request from the hotels. At the Sheraton I 
Washington Hotel Rooms will be held only until 6‘00 P.M. unless guaranteed by | 
first nights deposit. The Shoreham-Americana requires that each reservation be . 
accompanied by a payment for the first night. 

Shoreham-Americana Hotel Sheraton Washington Hotel 

- Single @ $64 per person _ Single @ $68 per person | 

- Twin/Double @ $39 per person _ Twin/Double @ $37.50 per person 

- Triple @ $26.67 per person | 

NOTE: Individuals must make their own arrangements for sharing accommodations. 

These arrangements cannot be made by the Society. I 


name 

mailing address ——— 

city itate zlp~ 

Please reserve_ rooms for_ persons. 

Arriving - pm’ 011 -Departing_ pm' 011 _ 

Additional person(s) sharing room__ 

All rates subject to charges equivalent to state, county, and city taxes. 
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MAIN TEXT 


I SESSION AA: SYMPOSIUM OF THE DIVISION OF NUCLEAR PHYSICS: PHYSICS WITH FUTURE ACCELERATORS 
Monday morning, 28 April 1980; Washington Room, Sheraton Washington Hotel at 9:00 A.M.; D.F. Measday, presiding 


AA 1 Strange Nuclear Physics.* R.A. EISENSTEIN, Carnegie-Mellon University. (30 min.) 

The study of hypemuclei has long been thought to provide a way to examine 
the nucleus in an unconventional circumstance, on^ in which it possesses^ 
non—zero strangeness* Recent experiments at CERN and the Brookhaven ;\Gr3 j 
in which A and Z hypemuclei can be formed, have added much to our knowledge 
of these processes." A review of the current status of the experiments and 
their interpretation will be given, along with a brief examination of related 
topics such as K i - nucleus scattering and K atoms. The possibilities for 
probing nuclei in another unconventional manner with antiprotons will also 
be discussed. 


* 

1 

2 


Supported by the US Department of Energy. . 

W. Bruckner, et al., Phys. Letters 62B .481 (1976); also Phys. 

R^E. ^Chrien, et al., BNL-26699 (submitted to Phys. Letters) 


Letters 79B , 


AA 2 Particle Physics with Kaons. G. KARL, Guelph University. (30 min.) 

AA 3 Electromagnetic Interactions in Nuclei. W. TURCHINETZ,4f/T. (30 min.) 
AA 4 Quarks in Nuclei. A. KERMAN, MIT. (30 min.) 

AA 5 Heavy Ion Physics. G.D. WESTFALL, Lawrence Berkeley Lab. (30 min.) 


SESSION AB: SYMPOSIUM OF THE DIVISION OF PARTICLES AND FIELDS: ELEMENTARY PARTICLE PHYSICS-NEW EXPERIMENTAL 
RESULTS I 

Monday morning, 28 April 1980; Regency Room, Shoreham-Americana Hotel at 9:00 A.M.; Joseph Ballam, presiding 

AB 1 CESR, The Cornell Electron Positron Colliding Beam Machine. M. TIGNER, Cornell University. (40 min.) 

AB 2 Observation of the Upsilon Family at CESR Using the CUSB Detector. P. FRANZINI, Columbia University. (30 min.) 

AB 3 Physics in the Upsilon Region from the CLEO Detector at CESR. M. GILCHRIESE, Cornell University. (30 min.) 

AB 4 A Study of Dimuon Production by 400 GeV/c Protons with a Large-Acceptance Spectrometer. 

T.J. ROBERTS, University of Michigan. (30 min.) 

The mass, P , and X distributions of y + y“ production by 400 GeV/c protons on a 
thick tungsten target are presented. The experiment has useful acceptance for 
all kinematically-allowed masses, for 0 < P. < 6 GeV/c, and f<j>r_-0.2 < X p < 1. 

The data sample contains 600,000 events, including 15,000 T-*y y events, and 
110 events with masses above 15 GeV. In the continuum regions, the data are in 
agreement with Drell-Yan calculations, and with other experiments. 


■ SESSION AC: SYMPOSIUM OF THE DIVISION QF COSMIC PHYSICS: X-RAY ASTRONOMY 
I Monday morning, 28 April 1980; Palladium Room, Shoreham-Americana Hotel at 9:00 A.M.; Elihu Boldt, presiding 


AC 1 X-Ray Spectra in the Study of Stellar Coronae. J.H. SWANK, NASA Goddard Space Flight Center. (30 min.) 

Almost all types of normal stars are now known as X-ray sources and the ^nin°sitie s and spectra 
have chanqed previous ideas about the mechanisms for maintaining coronae. ,he RS CVn binaries 
were discovered with the HEA0-1 satellite to be some of the most luminous and were the first 
group recognized as having unexpectedly high X-ray flux. Their spectra show line emission for 
temperatures of 5-10 million degrees. This component appeared to be present in all the cool stars 
observed with the Solid State Spectrometer on the Einstein Observatory. They also show higher 
energy emission, variable on the time scale of days Shorted flares have been . a sf^ed to similar 
stellar systems. The high flux, high temperatures and radio flaring of several RS CVn binaries 
arque for magnetic fields as the key to containing extended hot coronae, providing energy to 
flares and channeling mass exchange. Magnetic fields may also be essential in the dynamics of 
dwarf novae and other binaries containing white dwarfs. Evidence for coronal contributions as 
well as effects of accretion onto the white dwarfs are being sought in the Solid State 
Spectrometer data. 

ivaiana, G. S., presented at the NATO X-Ray Astronomy Institute, Erice, 1579. 
waiter, F., Charles, P. and Bowyer, S., Ap. J. (Letters) 225 , LI19 (1978,. 


AC 2 Compact Stellar X-Ray Objects. J.E. GRINDLAY, Center for Astrophysics. (30 min.) 


AC 3 X-Rays form Active Galaxies. DIANA WORRAL, University of California, San Diego. (30 min.) 

AC 4 Theoretical Implications of the Cosmic X-Ray Background. J.H. KROLIK, Massachusetts Institute of Technology. (30 min.) 
The recent HEAO-1 measurement of the cosmic X-ray background spectrum^ - and the 
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high sensitivity and angular resolution images of it taken by the Einstein 
Observatory2 have focussed the arguments on the background's origin. Two 
contenders are currently prominent: emission from quasars (a suggestion made 
by several workers) and from young galaxies. Their theoretical underpinnings 
and status vis-a-vis observations will be discussed. 

*E.A. Boldt, NASA Tech. Memo No. 78106 (1978). 

2 R. Giacconi, et al., Ap.J. Lett. 234 , LI (1979). 


I SESSION AE: HEAVY IONS I 
Monday morning, 28 April 1980 

Baltimore Room, Sheraton Washington Hotel at 9:00 A.M. 

H. Wegner, presiding 

AE 1 Fusion of 58,64 Ni with 64 Ni at Near and Sub-bar¬ 
rier Energies .* M. BECKERMAN, H. ENGE, M. SALOMAA, A. 
SPERDUTO, YAN CH£N f , MAO NAI-FENG+, A. DIRIENZO and J. 
MOLITORIS, M.I.T. — 174 to 210 MeV 58,64^ b eams of the 
BNL Tandem Van de Graaff Facility were used to bombard 
^ 4 Ni targets. The MIT-BNL velocity selector system was 
used together with a AE-E proportional counter telescope 
to detect evaporation residues at lab angles from 0 to 6 
degrees. Near and sub-barrier excitation functions for 
these systems as well as the 58^1+58^ system* are indi¬ 
cative of a harder fusion process than that found for 
lighter projectiles, while large increases in complete 
fusion cross sections are observed as one goes from 
58Ni to 64fti systems. 

*Supported by U.S. DOE, under Contract #EY76-C-02-3069. 
^Permanent Address: Institute of Atomic Energy, Peking, 
People's Republic of China. 

*Beckerman, et al. Bull. Am. Phys. Soc. 24, 825 (1979), 
and to be published. 

AE 2 Does Particle Emission Explain the Structure in 
the Energy Spectra for the 56 Fe + 5 °Fe Reaction?* A.C. 
MIGNEREY, H.BREUER and V.E. VIOLA, U. of Maryland , K.L. 
WOLF and B.G. GLAGOLA, Argonne National Lab , and W.W. 
WILCKE, W.U. SCHRODER, J.R. HUIZENGA and J.R. BIRKELUND, 
U. of Rochester —New experimental data and more detailed 
theoretical calculations have been performed in an at¬ 
tempt to gain a better understanding of the structure in 
the energy spectra for specific fragments formed in the 
reaction B6 Fe + 56 Fe at 8.3 MeV/u. Among the most prom¬ 
inent examples of this effect is the 57 Co spectrum, 
which exhibits four distinct bumps in its partially- 
damped energy spectrum between E L values of 0-100 MeV. 
Triple differential cross sections, d 3 o/dZdAdE, have been 
measured at additional angles with a AE-E time-of-flight 
telescope with a timing resolution of <100ps in order to 
obtain a more complete data set for this reaction. Cal¬ 
culations have also been performed which examine the role 
of statistical evaporation processes following produc¬ 
tion of the primary fragments. Several reaction channels 
are considered simultaneously and the effects of assump¬ 
tions concerning the distribution of excitation energy 
are investigated. 

♦Work supported by the U.S. Department of Energy 

AE 3 Production of Nuclei Far From Stability in Damped 
Collisions with B °Fe Projectiles.* V.E. VIOLA, H. BREUER, 
A.C. MIGNEREY and K. KWIATKOWSKI, U. of Maryland , K.L. 
WOLF and B.G. GLAGOLA, Argonne National Lab . and J.R. 
BIRKELUND, D. HILSCHER**, J.R. HUIZENGA, W.U. SCHRODER 
and W.W. WILCKE, U. of Rochester —In studies of strongly- 
damped collisions between 8.3 MeV/u 56 Fe ions and targets 
ranging from 56 Fe to 238 U, we have obtained evidence for 
the production of several previously undetected nuclides. 
The measurements were performed at the LBL SuperHILAC 
accelerator with a AE-E time-of-flight system which 
yielded discrete Z and A resolution (timing resolution 
~lOOps) for projectile-like fragments formed in these re¬ 
actions. Among the nuclei that are observed are new 
neUt 20q~ riCh isot °P es °f Sc, Ti, V and Cr. In addition, 
for 9 Bi bombardments the isotope yield patterns for 
projectile-like fragments in the Z * 9-19 range indicate 
that actinide elements with Z = 90-100 are produced with 
primary yields of the order of ten millibarns and final 
yields in the nanobarn range. This reaction is analagous 
to those used to identify spontaneously fissioning iso¬ 
topes of the elements with Z » 104-107. 

♦Research supported by, U.S. Department of Energy 
♦♦Present address: Hahn-Meitner Inst. Berlin, W. Germany 


AE 4 Mass and Charge Distributions in the 2 3 8 U + 56 F e 
Reaction at 470 MeV .* H/“B"REUER, K. KWIATKOWSKTrA. C. 
MIGNEREY and V. E, VIOLA, University of Maryland , K. L. 
WOLF and B. G. GLAGOLA, Argonne National Laboratory, 
and J. R. BIRKELUND, J. R. HUIZENGA, W. U. SCHRODER and 
W. W. WILCKE, University of Rochester .—Mass and charge 
distributions of reaction products from the 238 U + 5S Fe 
reaction at 470 MeV have been measured near the grazing 
angle. Using.a AE-E time-of-flight counter telescope 
with timing resolution <100 ps, unique identification 
of the Z and A of all projectile-like fragments is 
obtained. The average charge 7 and mass t, corrected 
for particle evaporation, and the total variances a 7 2 
and a. 2 have been extracted as functions of the total 
kinetic energy loss El of the fragments. Isobaric 
charge distributions a 7 2 (A) and isotopic mass distribu¬ 
tions cr. 2 (Z) as a function of El will also be presented. 
The results will be compared with data from similar 
experiments on the 56 Fe, 165 Ho and 209 Bi + S6 Fe systems 
and with the predictions of theoretical models relating 
to the charge equilibration mode. 

*Work supported by the U.S. Department of Energy. 

AE 5 Fragment Spin Orientation in Deep-Inelasti c 
Reactions from Anisotropy Measurements of Continuum - 

Y rays.* R.J. McDONALD, D.J. MORRISSEY, A.J. PACHECO, 

C. SCHUCK, S. SHIH, R.M. DIAMOND, C.C. HSU, H. KLUGE, 

L.G. MORETTO, L.G. SOBOTKA, F.S. STEPHENS, and G.J. 
WOZNIAK, Nuclear Science Division, Lawrence Berkeley 
Laboratory, Berkeley, Ca. 94720 -- The anisotropy of 
continuum y-rays emitted in the reaction 165 Ho+^ 65 Ho 
at 8.5 MeV/A bombarding energy was measured to determine 
the alignment of fragment spin as a function of Q- 
value. Two redundant systems, each consisting of a 
particle detector and two Nal y-detectors (in-plane/out- 
of-plane) were used to reduce‘systematic uncertainties. 
Preliminary analysis indicates that the ratio of in-plane 
to out-of-plane y -intensities increases with Q-value to 
a maximum of *v2 before decreasing back to near unity for 
the largest Q-values. From these data, the average spin 
misalignment angle will be determined and compared with 
predictions from a simple model. 

♦Work supported by the Division of Nuclear Physics of 
the Office of High Energy ancf Nuclear Physics and by 
Nuclear Sciences of the Basic Energy Sciences Program 
of the U.S. Dept, of Energy under Contract No. W-7805- 
ENG-48. 

AE 6 Fission Mass and Kinetic Energy Distributions 
of Pt Isotopes Formed by Heavy Ion Fusion Reactions .* 

B. GLAGOLA, B.B. BACK, R.R. BETTS, K.L. WOLF, W. HENNING, 

Argonne National Laboratory , A.C. MIGNEREY, University 
of Maryland , and J.M. LEBOWITZ, Brooklyn College .— 

Fission properties of Pt-nuclei populated in lb O + 170yb 
and 32 s + 144,150,152,154sm fusion reactions have been 
studied at the Argonne Superconducting LINAC. Beam 
energies have been matched in the 16 0 + 170 Yb and 32 S + 
*-54sm reactions to produce the *-®^Pt compound system 
at identical excitation energies in the range from E* * 
55-100 MeV in order to separate the effects of excita¬ 
tion energy and angular momentum on the fission prop¬ 
erties. Fission kinetic energies show a weak dependence 
on the excitation of the fissioning system, but are not 
affected by angular momentum. 

♦Work performed under the auspices of the Office of 
Basic Energy Sciences, U. S. Department of Energy. 

AE 7 Excitation Functions for Fission Induced by 
Heavy Ion Fusion Reactions .* B.B. BACK, R.R. BETTS, 

W. HENNING, K.L. WOLF, Argonne National Laboratory , 

A.C. MIGNEREY, University of Maryland , and J.M. LEBOWITZ, 
Brooklyn College .—Detailed measurements of the excita- 
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tion functions of the 16 0 + 170 Yb and 32 S + 144,150,152, 
154 Sra fusion-fission reactions have been performed from 
below to 50-80 MeV above the fission threshold in 1.0 
to 10 MeV steps using beams from the ANL Superconducting 
LINAC. Comparisons between the measured fission thresh¬ 
olds in the 16 0 + 17 Yb and 32 S + 154 Sm reactions and 
available fusion cross section data from similar systems 
implies a lower angular momentum limit of L^ n f a 40 H 
for fission to occur in the 186 Pt system, when analysed 
in a sharp cut-off model. This is in reasonable agree¬ 
ment with the rotating liquid drop model estimate of 
the angular momentum L * 46 Ti for which the fission 
barrier becomes equal to the neutron binding energy. 

*Work performed under the auspices of the Office of 
Basic Energy Sciences, Division of Nuclear Sciences, 

0. S. Department of Energy. 

AE 8 Fusion-Fission Fragments from the 165 Ho+ S6 Fe Re- 
action*. A. D. HOOVER, L.E. TUBBS, W.W. WILCKE, W.U. 
SCHRADER, J.R. BIRKELUND, J.R. HUIZENGA, D. HILSCHER, 

H.J. W0LLERSHEIM, University of Rochester — Angular dis¬ 
tributions for the production of fusion-fission fragments 
have been measured for the reaction 165 Ho+ 56 Fe at five 
energies between 320-510 MeV. Particle identification 
telescopes using gas AE and solid state E detectors were 
used to separate the fission-like fragments from damped 
reaction products. The excitation function for the fis- 
sion-like products is compared to the fusion cross sec¬ 
tion derived from a classical trajectory model. The mo¬ 
del incorporates the one-body friction of Randrup and a 
nuclear proximity potential derived from a Thomas-Fermi 
model with a limited maximum nuclear matter density. 
Comparison of the data to the rotating liquid drop model 
shows that fusion-fission like fragments are produced 
from composite systems with angular momenta well above 
the liquid drop limits. These observations suggest that 
a considerable number of trajectories become trapped in 
the intemuclear potential for interaction times suffi¬ 
ciently long to equilibrate degrees of freedom with long 
relaxation times, such as the mass asymmetry. 

Work supported by the U.S. Department of Energy. 

AE 9 Backward Angle Measurements of 27 A1 + ^0 Induced 

iReactions. D. SHAPIRA, J.L.C. FORD, Jr., J. GOMEZ DEL 
CAMPO AND P.H. STELSON, Oak Ridge National Laboratory* — 
Reactions induced by bombarding a 16 0 gas target with 
2'A1 ions were studied. Evaporation residues as well as 
target-like recoils were measured over a wide range of 
Q-values. The yield of particles with 6 1 Z £ 9 was 
found to be forward peaked in the laboratory frame. 

These target-like particles emerge with center-of-mass 
iklnetic energies that, on the average, are independent of 
the reaction angle. Their combined cross section has a 
1/sin 9 c .m. angular dependence. If this cross section is 
assumed to’be symmetric about 90° (c.m.) the integrated 
cross section is about 10% of the measured evaporation 
residue cross section at a center-of-mass energy of 
54 MeV. 

Operated for the Department of Energy by Union Carbide 

Corporation under Contract No. W-7405-eng-26 


AE 10 Measurements of Fusion Cross Sections for the 
14 n+10b System. MX'ORTIZ,* Y-d CHAN, J.L.C. FORD,Jr., 
J. GOMEZ DEL CAMPO, D. HENSLEY, D. SHAPIRA, R.G. 
STOKSTAD, Oak Ridge National Laboratory ,+ F. SELLSCHOP, 
University of Witwatersrand, Johannesburg, South Africa , 

D. WEISER, Austrailian National University, Canberra 

and R. PARKS, University of Virginia .—The cross sec¬ 
tion for fusion has been extracted for two 14 N bombard¬ 
ing energies of 86 and 149 MeV by measuring the evapora¬ 
tion residues (E.R.) with an E(PSD) aE (ionization 
chamber) counter telescope. Self-supported foils 
(98% enrichment) 214 yg/cm 2 thick were used. The E.R. 
for Z > 5 were identified by kinematical analyses and 
by comparison to Monte-Carlo Hauser-Feshbach calcula¬ 
tions using the code LILITA. Preliminary evaporation 
residue cross sections for Z>5 are 1039 mb for Ei 4 N s 
86 MeV and 920 mb for Ei 4 N * 149 MeV. These values 
represent a lower limit for the fusion cross section. 


Corrections for E.R. o f Z _< 5 will be discussed. 
*0n sabbatical leave from the Physics Institute, 
University of Mexico. 

+ 0perated by Union Carbide Corp. for the Dept, of 
Energy under Contract No. W-7405-eng-26. 


AE 11 Evaporation Residue Cross Section Trends 
Calculated for A=193-273, Z=77-lll Compound Nu¬ 

clei. W. A. SCHIERT and F. VAN SPLUNTEREN, 
of Lowell .—Trends in evaporation residue cross 
sections for heavy nuclei have been surveyed by 
use of the statistical evaporation program 
ALICE. 1 Approximately 100 heavy-ion fusion re¬ 
actions leading to compound nuclei with A=193- 
273 and Z=77-lll were studied emphasizing cross 
section dependencies on excitation energy and 
Z 2 /a. The calculations indicate that some 
selected combinations of reacting nuclei may 
give several order of magnitude cross section 
improvements compared with neighboring combina¬ 
tions for Z>100 systems. A comparison to ex¬ 
perimental results will be made in the follow¬ 
ing two papers. 

^Research affiliate of Laboratory for Nuclear 

f cience, M.I.T. 

M. Blann and F. Plasil, U.S.A.E.C. Report No. 
C00-3494-10, 1973 (unpublished). 

AE 12 Search for Possible Trlaxial Structures in 24 Mg 
from 16 0 4- z4 Mg Elastic and Inelastic Scattering,* 

J. S. ECK,+ J. NURZYNSKI, T. R. 0PHEL, P. D. CLARK, D. F. 
HEBBARD and D. C. WEISSER, The Australian National Uni¬ 
versity .—Reasonable fits are obtained to the energy 
levels of 24 Mg using the energy level scheme for an asy¬ 
mmetric rotor with 82 * *52 and y * 22°. To investigate 
possible triaxial structures in 24 Mg, we have measured 
elastic and inelastic scattering angular distributions 
for excitation of the lowest three excited states in 24 Mg 
at an 16 0 bombarding energy of 67 MeV in the angular 
range 9 cm * 10-65°. The cross sections have been ana¬ 
lyzed using coupled channels calculations assuming that 
the 24 Mg behaves as a (1) simple vibrator (2) symmetric 
rotor and (3) an asymmetric rotor. Difficulty in dis¬ 
tinguishing between the various models arises from the 
fact that the and 4j states in 24 Mg are unresolved. 

The fits to the cross sections in the above cases will 
be presented. 

^Supported by U.S. Dept, of Energy, Div. of Chem. Sci. 
+Permanent Address: Kansas State University, Manhattan, 
Kansas 66506. Supported in part by the U.S. NSF under 
the U.S.-Australian Cooperative Science Program. 

AE 13 Angular Momentum Transfer in Heavy-Ion 
Reactions at 7.5 to 22.4 MeV/A.* G. J. W0ZNIAK, L. W. 
RICHARDSON, D. J. MORRISSEY, C. C. HSU, G. U. RATTAZZI, 
and L. G. M0RETT0, Lawrence Berkeley Laboratory — The 
Q-value dependence of the y-ray multiplicity, My, for 
peripheral collisions has been measured for the 20 Ne + 
381 Ta reaction at bombarding energies of 7.5, 10.0, 

17.2 and 22.4 MeV/A. At each bombarding energy, mea¬ 
surements were taken around the grazing angle. A pre¬ 
liminary analysis indicates that the maximum value of 
My (averaged over all projectile-like fragments with 
Z=3 to 13) increases monotonically as the bombarding 
energy is increased from 7.5 to 17.2 MeV/A and then de¬ 
creases at 22.4 MeV/A. The dependence of My on both 
the mass transfer and the Q-value of the reaction will 
be discussed and a comparison with the rolling and 
sticking limit values will be made. 

♦Work supported by the Division of Nuclear Physics of 
the Office of High finergy and Nuclear Physics and by 
Nuclear Sciences of the Basic Energy Sciences Program 
of the U. S. Dept, of Energy under Contract No. W-7805- 
ENG-48. 

Supplementary Program 

AE 14 Elastic and Inelastic Scattering for the 24 Mg + 
208 Pb ahd za Si + zuq Pb Systems.* J. S. ECK, T. R. OPHEL, 
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P. D. CLARK, D. C. WEISSER, The Australian National Uni¬ 
versity .—Elastic and inelastic scattering angular dis¬ 
tributions to the first excited states of 24 Mg and 28 Si 
were measured at E™ = 139 MeV for 24 Mg + 208 Pb and at 
E CM " 1^5 MeV for 28 Si + 208 Pb in the angular range from 
©CM “ 10-120°. The cross sections were analyzed using 
optical model and coupled channels calculations. These 
calculations utilized up to 250 partial waves. The 
exact calculations are compared to polarization poten¬ 
tial calculations. 1 The extracted deformation lengths 
are compared with deformation lengths extracted from 
similar experiments using lighter projectiles and the 
scaling theory of Hendrie. 2 

*Supported in part by U. S. Department of Energy, Divi¬ 
sion of Chemical Sciences. 

♦Permanent Address: Kansas State University, Manhattan, 
Kansas 66506 USA. Supported in part by the U. S. 

National Science Foundation under the US-Australia 
Cooperative Science Program. 

X W. G. Love, T. Terasawa and G. R. Satchler, Nucl. Phys. 
A 291, 183 (1977). 

2 D. L. Hendrie, Phys. Rev. Lett. 31, 478 (1973). 

AE 15 An Investigation of y-Ray and Out-of-Plane ct- 
Earticle Emission In the Heavy-Ion Reaction 670 MeV- 

Kr+ nat Ag.* G# j. WOZNIAK, L.G. SOBOTKA, G.U. 

RATTAZZI, C.C. HSU, S.K. BLAU, H. BOLOTIN, R.J. McDONALD 
A.J. PACHECO, and L.G. MORETTO, Lawrence Berkeley 
Laboratory --To detect the projectile-like fragment and 
to define the reaction plane, a solid state AE-E tele¬ 
scope was used. To measure the out-of-plane correlation 
of the a-particles emitted from the target-like frag¬ 
ment, four AE-E telescopes were mounted on a arc on 
the opposite side of the beam axis along the recoil 
direction. The y-ray multiplicity. My , was measured 
with an array of 8 Nal detectors and moderate statistics 
triple coincidence (z-a-y) data were obtained. The 
ratio of the the in-plane to out-of-plane a-particle 
yields is approximately a factor of two. The dependence 
of the out-of-plane correlation on the reaction Q-value 
and on My will be discussed. A comparison of the data 
with simple model calculations will be presented. 

♦Work supported by the Division of Nuclear Physics of 
the Office of High Energy arid Nuclear Physics and by 
Nuclear Sciences of the Basic Energy Sciences Program 
of the U.S. Dept, of Energy under Contract No. W-7805- 
ENG-48. 


( SESSION AF: INSTRUMENTATION AND APPLICATIONS I 
Monday morning, 28 April 1980 

Annapolis Room, Sheraton Washington Hotel at 9:00 A.M. 

H. Enge, presiding 

AF 1 Emanation of Radon and Thor an frcm Fly Ash 
and Ceramics . GARY W. CARRIVEAU*, Metropolitan 
Museum of Art and Brookhaven National Laboratory 

and GARMON HARBOTTLE, Brookhaven National Labora- 

tory. In the decay chains of uranium and thorium, 
the daughter product sequence goes through a gas¬ 
eous phase (radon or thoron) approximately one- 
half way between the parent and the stable isotope 
of lead. The occurrence of gaseous escape (emana¬ 
tion) in sane systems can seriously disrupt secular 
equilibrium. A simple technique for measuring ra¬ 
don and thoron emanation, through the determination 
of naturally emitted gamma rays, will be presented. 
Results will be given for two types of material: 
a) fly ash frcm coal fired power plants and b) 
ceramic shferds. For the latter material, the effect 
of ground water on emanation suppression has been 
detemined. Effects on environmental radiation 
and thermoluminescenoe. Dating calculations will 
be discussed. 

* Guest Scientist, Chemistry Department, Brook¬ 
haven National Laboratory. Work at Brookhaven 
under contract with the U.S. Department of Energy 
and supported by its Division of Basic Energy 
Sciences. 


AF 2 Processing of LMFBR Test Fuel Pin Imag es.* M.L. 
BARNES, G.J. BERZINS, A.H. LUMPKIN, J.M. POVELITES, Los 
Alamos Scientific Laboratory .**--The LASL Pinex system - 
produces images of LMFBR test fuel pins during transient 
power conditions at the TREAT reactor. Nuclear radiation 
emitted by the test section is imaged by single pinholes 
onto a scintillator. The resulting optical image on the 
scintillator is photographed with intensified TV cameras 
and stored on video recorder and film. The data are 
digitized into sets of 512 x 512 arrays. These images 
include a large background from the containment capsule 
as well as from ambient neutrons and gamma rays of the 
reactor core. During processing on a CDC 7600, the data 
are least squares smoothed, background subtracted, ef¬ 
ficiency corrected and displayed in several representa¬ 
tions. Results of such analysis demonstrate successful 
quantifying of fuel mass movement. 

♦Submitted by A. H. Lumpkin 
♦♦Supported by D0E/RRT 

AF 3 Tomography of an Irradiated Fast Reactor Fuel 
Pin. B. K. BARNES and R. L. PETTY, Los Alamos 
Scientific Laboratory . —A series of tomographic recon¬ 
structions have been made from betatron radiographs of 
an irradiated fast reactor fuel pin. Two hundred 
betagraphs were made on a 20 MeV betatron at 1.8° inter¬ 
vals around the fuel pin. These were scanned for den¬ 
sity at three axial locations using an automated scan¬ 
ning densitometer. The resulting six hundred density 
scans were used together with a filtered back projec¬ 
tion tomographic algorithm to reconstruct an interior 
density image at three axial locations. The resulting 
reconstructions clearly show the cladding, the cladding- 
fuel gap, the enriched fuel inside the cladding, and 
melted fuel flow into the fuel cladding gap. This fuel 
flow was the artifact of interest which prompted the 
study. The interior details of the fuel (voids of vary¬ 
ing sizes), however, evince a disappointing lack of 
agreement with metallographic sections taken at approx¬ 
imately the same locations. This lack of agreement will 
be discussed. 


AF 4 Buffon Needle Method of Track Scanning at High 
Track Density.* R. GOLD, F. H. RUDDY, and J. H. ROBERTS 
Westinghouse Hanford Company.--The observable invariably* 
used for high accuracy Solid State Track Recorder (SSTR) 
applications is the track density, i.e. the number of 
tracks per unit area. Of the currently recognized limi¬ 
tations that exist in quantitative SSTR work, perhaps the 
most intrinsic is the high track density limitation pro¬ 
duced by track pile-up. Hence, techniques which are 
capable of extending track scanning into the high density 
pile-up region would be quite useful. In particular, 
methods that can be applied independent of track size are 
highly desirable. To this end, the Buffon needle method 
of track scanning is advanced. This new method extends 
quantitative track scanning to track densities well up 
into the track pile-up regime. It is based on random 
sampling of the SSTR surface. This method has been ap¬ 
plied to high fission track density mica SSTR observed 
with scanning electron microscopy. It is demonstrated 
that the Buffon needle method possesses a reduced depen¬ 
dence upon both source deposit non-uniformity and track 
size distribution. Sources of experimental error arising 
in the Buffon needle method are assessed. 

♦Work performed under the auspices of the U.S. Department 
of Energy and the U.S. Nuclear Regulatory Commission. 


AF 5 Detection of Low Energy Protons in CR-39 Track 
Detector . Y. V. RAO, A. DAVIS and M. P. HAGAN, Emmanuel 
College, R. C. FILZ, AFGL and J. BLUE, NASA - LEWIS 

Research Center . - Samples of CR-39 plastic track 

detectors were irradiated with protons at NASA/Lewis 
Cyclotron. Several incident beam energies in the range 
6 MeV to 20 MeV were utilized for these irradiations. 

In this paper we discuss the registration characteris¬ 
tics of protons in CR-39 detector. 
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AF 6 Mean Excitation Energy of Polystyrene Extracted 
from Measurements of Stopping Power for 2.2 to 5.9 MeV 

Protons. L. E. PORTER, University of Montana.—In a 

recent study 1 the mean excitation energy (I) of poly¬ 
styrene was established as (71.0±2.0) eV by analyzing 
proton stopping power data with Bethe—Bloch theory. The 
effect on the best-fit value of I of including the low 
velocity projectile-z 3 effect 2 was previously found to 
be negligible because the shell correction value 
absorbed the difference 1 . In the present study, a Bloch 
projectile-z^ term 3 was also included, and the single 
(model-dependent) free parameter of the Ashley et al. 
formalism 2 was permitted to vary over a reasonable 
interval. In this case, too, the best-fit value of I 
remained essentially constant at 71.0 eV, since the 
adjustable shell correction value managed to compensate 
for the effect of including projectile-z 3 and projectile 
-z^ terms. 

1 L. E. Porter, H. Naylor, and J. C. Duder, Nucl. 

Instrum. Methods 155, 25 (1978). 

2 J. C. Ashley, R. H. Ritchie, and W. Brandt, Phys. Rev. 

B_5, 2393 (1972). 

3 J. Lindhard, Nucl. Instrum. Methods 132 , 1 (1976). 

AF 7 Beam Energy Calibration System ,* P. DYER and 
R.G.H. ROBERTSONf > Mich. State Univ. — In the search 
for the parity-forbidden resonance in the d(ary) 6 Li 
reaction at E a =6.24 MeV, 1 we wish to determine the beam 
energy with an accuracy of 0.01%. A 30 kV Tl surface- 
ionization source has been built to deliver + ^ons having 
the same magnetic rigidity as + the 6.2-MeV a particles. 
The paths of the alpha and Tl beams through a Q3D mag¬ 
netic spectrometer are matched, and the alpha beam energy 
is calculated from the voltage applied to the source 
electrode, as measured with a precision voltage divider 
and voltmeter. The absolute calibration of the source 
has been verified by measuring the energies of alpha 
particles from a 212 Bi source and by measuring the thresh¬ 
old energy for the 27 A1(p,n) 27 Si reaction. 

♦National Science Foundation Grant No. Phy 78-22696. 
tAlfied P. Sloan Fellow. 

^.G.H. Robertson et al., contribution to this meeting. 

AF 8 A Polarised 3 He Target for Low Energy Nuclear 
Physics Experiments*. R.H. McCAMIS, P.J.T. VERHEIJEN, 

J. BIRCHALL and W.T.H. van OERS, Univ. of Manitoba , 
and J.M. DANIELS and A.D. MAY, Univ. of Toronto - A 
scattering facility featuring an optically pumped 
polarised 3 He target has been constructed. The target 
consists of a glass sphere (6 cm. in diameter), 
containing 3 He gas to a pressure of approximately 1 to 
2 Torr, which is optically pumped by 2 4 He lamps, above 
and below the cell, producing vertical polarisation. 
Target polarisations of greater than 19%^have been 
obtained, which compare favourably with 3 He polarisa¬ 
tions obtained previously at other laboratories. Glass 
target cells with very thin entrance windows (< 0.0025 
cm.) have been developed to reduce background from 
multiply-scattered protons. The first stage of an 
extensive research program will be to measure 
3 He(p,p) 3 He analyzing power angular distributions at 
21.3, 30.0, 32.5 and 35.0 MeV. 

* Work supported in part by the Natural Sciences and 
Engineering Research Council of Canada. 

AF 9 Penetration of 25- to 500-MeV electrons 
through matter, and applications to photon detection . 

D. I. SOBER, Catholic University ,* F. 0. B0RCHSRDING, 

D. H. FITZGERALD and M. E. SADLER, University of 
California, Los Angeles .+ — As part of a program to 
determine the efficiency of a photon detection system, 
we have measured the penetration probability of elec¬ 
trons of energy 25 to 488 MeV through plane absorbers 
of Pb, Cu and Al ranging up to 3.5 radiation lengths 
in thickness. The results of the measurements are 
then used in an inexpensive "self-terminating Monte 
Carlo" code to calculate photon detection efficiency. 
We compare our methods and results with calculations 


made using the Monte Carlo shower code "EGS. 1,1 

* Supported by National Science Foundation Grant 
No. PHY 77-26376. 

+ Supported by U. S. Department of Energy. 

1 R. L. Ford and W. R. Nelson, "The EGS Code System: 
Computer Programs for the Monte Carlo Simulation 
of Electromagnetic Cascade Showers," SLAC Report 
No. 210 (1978). 

AF 10 Superconducting Focussing Magnets for Use in Neu- 
tral Atomic Beams.* M. B. SCHNEIDER and F. P. CALAPRICE, 
Princeton U. -- Hexapole superconducting focussing mag¬ 
nets are examined for polarization and focussing proper¬ 
ties relative to non-focussing (e.g. Stern-Gerlach) con¬ 
ventional magnets both in general terms and for speci¬ 
fic use in a 19Ne atomic beam. More unusual, many-wire 
focussing magnet designs are similarly examined for use 
with flat, wide, ribbon-shaped beams. Some discussion 
is also directed to the techniques and problems of con¬ 
struction of such devices with current superconducting 
technology. 

*Work supported by N.S.F. Grant #PHY78-Ol473. 

AF 11 New Observation of Nuclear Magnetic Resonance in 
19 Ne.* D. MacARTHUR, F.P. CALAPRICE A. HALLIN, M. 
SCHNEIDER, D. SCHREIBER, Princeton U. — We have observed 
the nuclear magnetic resonance of 49Ne using a new me¬ 
thod which gives a line width 20 times smaller than 
previous measurements.An atomic beam of polarized 
l9Ne is directed into a 65 cm3 plastic cell through a 
multi-channel plate entrance port. The sitting time of 
L9Ne in this cell is ~1.5sec. The cell is located in 
a uniform magnetic field of ~l409gauss. As the rf 
frequency moves through resonance, there is a change in 
the P-asymmetry of the ^9Ne decay from ~2off reso¬ 
nance to ~0 °lo on resonance. 

The resonance is centered at 4053.0 kHz with a 
width of ~400Hz FWHM. This width is due almost en¬ 
tirely to inhomogeneities in the magnetic field. Our 
measurement of the magnetic moment of 1 9Ne based on 
these data is -1.888 ±.001 jit^, which is consistant with 
the currently accepted value of -1.887 ± .0005 An 
ongoing experiment should reduce the error in this re¬ 
sult by a factor of 10. 

l) D. Dobson, Phys. Rev. Lett. 10, 34-7 ( 1983 ). 

*Work supported by N.S.F. Grant #PHY78-Ol473. 

AF 12 An Adiabatic Fast Passage rf Spin-Flipper for 
Nuclear Spins.* A. HALLIN, F.P. CALAPRICE, R.W. DUNF0RD, 
D. MacARTHUR, M. SCHNEIDER, D. SCHREIBER, Princeton U. - 
A spin-flipper was built for use with the Princeton Cy¬ 
clotron Atomic.Beam, which is primarily used for inves¬ 
tigation of weak interaction symmetries. This spin- 
flipper has significant advantages for use with both 
the conventional Stern-Gerlach magnet and a focussing¬ 
defocussing spin selector. The efficiency of spin re¬ 
versal has been measured by a novel method which makes 
use of the P-ajsymmetry of polarized ^-^Ne. The results 
are in good agreement with the calculated.efficiency. 

*Work supported by N.S.F. Grant #PHY78-01473. 

AF 13 Numerical Studies of the Dynamics of Spins in an 
Atomic Beam.* D. SCHREIBER, Princeton U. -- A simple 
code has been developed which numerically integrates 
Schrodinger’s equation for a spin in a time varying mag¬ 
netic field. A Runge-Kutta method is used to solve the 
initial-value problem, which involves 4J + 2 coupled 
real equations for the 2J+ 1 complex components of a 
spin J wave function. These solutions have been applied 
to several problems associated with a polarized atomic 
beam of ^-^Ne. The code has been used to calculate po¬ 
larization loss in the atomic beam due to passage 
through spatially varying magnetic fields, and to cal¬ 
culate the effectiveness of a rf spin-flipper based on 
an adiabatic fast passage technique. We present these 
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calculations along with experimental data to which they 
relate. 

*Work supported by N.S.F. grant #PHY?8-Ol473. 

AF 14 Detector Design for Measurement of the Angular 
Correlation of e' r e~ Pairs for Determination of the Mul¬ 

tipolarity of Nuclear Transitions.* K. COHON. Princeton 
UJ — Work has been done towards the design of a detec¬ 
tor to be used in conjunction with a pair spectro¬ 
meter to measure the angular correlation of e + e" pairs 
produced in nuclear electromagnetic transitions. The 
design under consideration provides substantially higher 
efficiency and better angular resolution than systems 
used previously, 1 ) and is useful over a wide range of 
energy (> 2.4 MeV) and atomic number (< 40) with good 
energy resolution. These characteristics of the de^ 
sign make it suitable for multipolarity determinations 
in a broader range of decays than was possible pre¬ 
viously. 

1) E.K. Warburton, D.E. Alburger, et al., Phys. Rev 
133, B42-62 (1964). 

*Work supported by N.S.F. Grant #PHY78-Ol473. 
tSubmitted by F.P. Calaprice. 

( SESSION AG: NUCLEAR RADIOACTIVITY AND FISSION 
Monday morning, 28 April 1980 

Rockville Room, Sheraton Washington Hotel at 9:00 A.M. 

J.C. Hill, presiding 

AG 1 Alpha Decay of Very Neutron-Deficient Nuclei 
with 78*Zs83 ] U.J. SCHREWE, II.Phys.Inst., u7 Gottingen. 
P. TIDEMAND-PETERSSON, G.M. GOWDY-l . R. KIRCHNER. 

0. KLEPPER, A. PL0CH0CKI, W. REISDORF, E. ROECKL, 

J.L. WOOD 2 , J. ZYLICZ, GSI-Darmsta dt, R. FASS, II.Phys. 
Inst., U. Giessen . D. SCHARDT, T.H, Darmstadt— Alpha- 
decay studies of neutron-deficient nuclei in the lead 
region have been undertaken at the on-line mass separator 
facility at GSI. Using mass-separated evaporation resi- 
dues from heavy-ion induced fusion reactions between 48ji 
and i/o Kr /E rojectlles (4.6-6.6 MeV/u) and enriched targets 
of 142,146^ and 1 ^ 7 Ag, nuclei having 78^Zi83 were inves¬ 
tigated as to their alpha-decay energies, half-lives and 
branching ratios. New alpha-emitters 183pb (E a =6715 keV), 
1 Pb (6632 keV) and 188gi (6820 keV) were identified and 
half-lives for 184 Pb (0.55 s), 185 Pb (4.5 s) and 183pi 
(60 ms) were determined. The unexpectedly short half- 
life for 183 T1 is explained through the systematics of 
the 9/2“ isomer in the odd-mass T1 isotopes. The alpha 
branching ratios were remeasured for 182-184H g and 
178-179pt, the results are discussed within the framework 
of alpha width systematics. 

^Present address: Dept, of Physics, Brookhaven Nat. Lab. 
^Present address: School of Physics, Georgia Tech. 


AG 2 Investigation of Nuclei Near N=82 and Z=64; Evi¬ 
dence for the New Isotopes * 44 Tb and 145 Tb .* K.S. TOTH. 
Oak Ridge National Laboratory , C.R. BINGHAM, Univ. of 
Term. , D.C. SOUSA, Eastern Kentucky Univ ., A.C. KAHLER, 
AND D.R. ZOLNOWSKI, Texas A and M Univ .--As part of our 
study of nuclei near N=82 and Z=64, we have investigated 
the decay of proton-rich holmium isotopes produced in 
bombardments of 144 Sm with 10 R. Recently we reported* 
the identification of 9-sec 148 Ho. In a set of new 
experiments its decay to * 48 Dy was studied further. 

These data, together with in-beam results, 2 add to the 
(systematics of low-lying states in doubly-even N=82 
huclei. Evidence was also obtained for the existence of 
two new terbium nuclides produced in 144 Sm(*°B,axn) reac¬ 
tions. The decay of one of them, 145 Tb(Ti/2=30±3 sec), 
js associated with at least five previously unknown tran¬ 
sitions in the N=81 nucleus, l 48 Gd. The other activity, 
144 Tb, has a Tj /2 of ~5 sec. At this time, only the 743- 
keV, 2 + -* 0 + (ground-state), transition in 144 Gd has been 
gbserved to fo llow its decay. 

Work supported by the Dept, of Energy under Contract No. 
W-7405-eng-26 with Union Carbide Corporation. 

£K.S. Toth et al_. Phys. Rev. C19, 482 (1979). 
e P.J. Daly et al., Z. Physik A288, 103 (1978). 


AG 3 Internal Conversion Coefficien ts, cty and ary,, of 
the Hi gh Multipole Transition s and ll iTtl CdI K. R. 

MENZEL, R. STEPHEN LEE, P. VENUGOPALA RAo7~Emory U. ; V. 
LAKSHMINARAYANA+, A. V. RAMAYYA, Vanderbilt U .^^^Br 
(4.4h) and 11lm Cd(49m) are produced by (n,y) reactions 
on enriched samples of 79 Br and 11 °Cd at the Georgia 
Institute of Technology Nuclear Reactor Facility. 

Singles and coincidence spectra of low energy x rays 
and gammas are measured with Si(Li) and Ge(Li) detectors. 
From the observed relative intensities of x rays and 
gammas the K- and total conversion coefficients of the 
high multipole transitions in 80m Br and 11lm Cd are 
calculated. Preliminary values of a K and a T for the 
49 keV (5“ + 2“) transition in 8 °mBr are 208 ± 8 and 
314 ± 13 respectively. For the 151 keV (11/2" -> 5/2") 
transition the values of a T and a K are 2.27 ± 0.09 and 
1.61 ± 0.06. These are compared with the available 
theoretical estimates. 

t On leave from Andhra U., India. 

* Partly supported by DOE. 

AG 4 Decay of 190 Pb to Levels in 190 T1. Y. A. ELLIS and 
K. S. TOTH, Oak Ridge National Laboratory, * C. R. BINGHAM, 
University of Tennessee , H. K. CARTER, UNISOR,f D. C. SOUSA, 
Eastern Kentucky University . — We are investigating decay proper- 
ties of the even-even lead nuclei with A< 192 in an effort to 
understand their anomalous a-decay rates. 1 The results for 192 Pb 
have recently been reported. 2 In this study, 190 Pb, Ti/ 2 = 1.2 ± 

0.2 min, was produced in the 180 W( 16 O,6n) reaction and its 
(EC + (P) decay investigated with the use of the Oak Ridge 
UNISOR on-line isotope separator facility. Singles and coincidence 
y-ray and conversion-electron data were accumulated. At least 
twenty transitions have been identified and placed into a scheme 
incorporating the following levels in 190 T1: 0.0 (2“), 151.1 (1“) 

274.1 (l - ), 376.2 (1“), 598.1 (1“), 739.2 (0 + , 1 + ), 890.5 (0 + , 1 + ), 

942.1 (1 + ), 1235.2 (1 + ), 1853.6 (1±) keV. Possible configurations 
for these states will be discussed together with systematics of 
nuclear levels in this region. 

♦Operated by Union Carbide Corporation for the U. S. Department 
of Energy under contract W-7405-eng-26. 
f UNISOR is a consortium of 13 institutions and is partially spon¬ 
sored by them and by the U. S. Department of Energy under con¬ 
tract DE-AC05-760R00033 with Oak Ridge Associated Universities. 

1. P. Hornshoj et al., Nucl, Phys. A230, 365 (1974). 

2. K. S. Toth et al., Phys. Rev. C19, 2399 (1979). 


AG 5 New Proton-rich Isotopes of Radon, Pla¬ 
tinum and Osmium . A H. ENGE, A. DIRIENZO, J. 
MOLITORIS, A. SPERDUTO, M. SALOMAA, J. CHERVA- 
NEK, J. BALL, MIT , W. SCHIER, U. of Lowell , 

H. WEGNER, BNL.—Heavy-ion fusion reactions 
were used to produce new proton-rich isotopes 
of radon, platinum and osmium. 199 Rn(E a =6.99 
MeV) and possibly 199m Rn(E a =7.06) were identi¬ 
fied as the 5n evaporation residue in the 
35 Cl+ iby Tm reaction. 172 Pt(E a =6.322, 
t 1/2 =0 ° 07s ) and 16 ^Os(E =5.674, Ti/ 2 =2.3s) were 
identified in the 32 S+ 1 44sm reaction. A search 
is in progress for 198 Rn, 171p t and 1 67 q s . New 
alpha lines were also discovered in known 
iridium and osmium isotopes. 

*Work partially supported by ERDA Contract No. 

EY-76-C-02-3069. 


AG 6 Pseudoscalar 3-Decay in A = 18 . * M. M. LOWRY, 
C.L. BENNETT, and K. KRIEN, Princeton U.-- A search for 
the beta decay of the l8 Ne 0 + ground state to the 1.08 
MeV 0“ state in ld F has been undertaken. The Princeton 
on-line isotope separator has been used in conjunction 
with a P + Y coincidence arrangement in order to reduce 
backgrounds in the neighborhood of the 1.08 MeV Y ray 
from the 0“ state. As a preliminary result, we can pre¬ 
sently set an upper limit for the branching ratio of 
10“ 4 to the 0“ state. 


*Work supported in part by N.S.F. Grant #PHY78-Ol473 
and the U.5. Department of Energy. 
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AG 7 Systematics of Neutron-Induced Fission Cross 
Sections in the MeV Range—A Revisit . J.W. BEHRENS, 
National Bureau of Standards , Washington, D.C. -- 
Measured actinide fission cross sections on the first 
fission plateau have been shown 1 to exhibit straight¬ 
forward systematic behavior as a function of both 
constant proton number and constant neutron number. 

These behaviors are re-examined in light of several 
recent measurements which further confirm the trends for 
Z=90 to 95. Above americium, however, there might be a 
deviation from these trends. Additional high accuracy 
measurements are needed to confirm or refute these 
deviations. In addition, results are also shown for 
systematic behaviors of a(n,f) values over the incident 
neutron energy range 0.1 to 2 MeV, i.e., over the excita¬ 
tion energy range of the fission threshold for even-N 
target nuclei. These trends might be useful in under¬ 
standing the fission process more thoroughly. Alterna¬ 
tively, this phenomenology might yield reliable predic¬ 
tions 2 of fission cross sections for actinides which can¬ 
not be measured due to either high natural radioactivity 
or insufficient sample mass and/or purity. 

M.W. Behrens, Phys. Rev. Lett. 39^, 68 (1977). 

2 J.W. Behrens and R.J. Howerton, Nucl. Sci. Eng. 65., 

464 (1978). 

AG 8 Measurement of Fission Cross Section of 242m Am .* * 
J.W.T. DABBS. C.E. BEMIS. JR., and S. RAMAN, Oak Ridge 
National Laboratory , and R.J. DOUGAN and R.W. HOFF, 
Lawrence Livermore Laboratory . -- Using time-of-flight 
techniques at ORELA the neutron induced fisson cross 
section of 242m Am has been measured from thermal 
energies to 20 MeV. A fission chamber comprising a 
number of hemispherical plates* was used at 9 m. 235 U 
fission and 6 Li(n,a) served as standards. The sample 
weighed 512 yg, was 99.25% pure, and contained .75% of 
24 *Am. 168 yg of 235 U was mounted in the same chamber 
along with a small 252 Cf sample for chamber testing. 

360 hours of data were obtained primarily with 40 ns 
bursts. The experiment required chemical removal of Cm 
impurities immediately prior to the measurements. A 
spontaneous fission ( 242 Cm) background of 500/h was 
observed 75 h after chemical separation. This grew to 
MOOO/h one month later. Results of the measurement 
will be presented and compared with previous data. 

*The research was sponsored by the Division of Nuclear 
Sciences, U.S. Department of Energy, under contract 
No. W-7405-eng-26 with the Union Carbide Corporation. 
Ij.W.T. Dabbs, et al., NBS Special Publication 425, Vol. 
1, p. 81 (1975). 

AG 9 Prompt v of 242 Cm .* J. HALPERIN, C.E. BEMIS, 

JR., J.W.T. DABBS, B.H. KETTELLE, R.W. STOUGHTON, Oak 
Ridge National Laboratory , R.W. HOFF and R.J. DOUGAN, 
Lawrence Livermore Laboratory . — The prompt neutron 
multiplicity distribution for the spontaneous fission of 
242 Cm and its average, v p , has been measured. The mea¬ 
surement was carried out with a neutron multiplicity 
counter using hydrogen moderation and neutron detection 
with 3 He proportional gas counters. The fission chamber 
design used hemispherical plates, 1 thus enabling the 
measurement of fission fragments in the presence of high 
alpha intensities. We report a value for v p ( 242 Cm) of 
2.532 ± 0.013 which is in turn based upon an assumed 
value v p ( 252 Cf) = 3.760. A related measurement per¬ 
mitted the determination of the absolute efficiency of 
the fission chamber. 

*The research was sponsored by the Division of Nuclear 
Sciences, U.S. Department of Energy, under contract 
No. W-7405-eng-26 with the Union Carbide Corporation. 
Ij.W.T. Dabbs et al., NBS Special Publication 425, Vol. 
1, p. 81 (1975). 

AG 10 Measurement of the Fission Cross Section of 249 Cf 
at ORELA.* C.E. BEMIS, JR. and J.W.T. DABBS., Oak Ridge 
National Laboratory . -- The intense a activity associa¬ 
ted with the decay of 249 Cf [7\/z = 352 yr.) has made 
difficult the measurement of its fission cross section. 
The present measurement has been made using the hemi¬ 


spherical plate technique 1 which permits such measure¬ 
ments in the presence of intense a activity. A sample 
of 131 yg of ultra-pure 249 Cf was measured by comparison 
with a sample of 168 yg of 233 U and a °Li(n,a)-Xe gas 
scintillator neutron beam monitor. Time-of-flight mea¬ 
surements were made using ORELA as a source at a flight 
path distance of 9 m with 800 pps of 40 ns and an acce¬ 
lerator power of 40 kW. A total of 360 hours of data 
were obtained. In accord with our earlier findings, 2 
the majority of the fissions occurred through a single 
very prominent resonance at 0.7 eV. The measurements 
and results will be described. 

*The research was sponsored by the Division of Nuclear 

Sciences, U.S. Department of Energy, under contract 

W-7405-eng-26 with the Union Carbide Corporation. 

*J.W.T. Dabbs, et al., NBS Special Publication 425, Vol. 

1, p. 81 (1975). 

2 J.W.T. Dabbs et al., BAPS II 19, 596 (1974). 

AG 11 Study of the Fission Isomer 240m Am (S.F.) Using 
Laser Induced Nuclear Polarization . J.R. BEENE, 

C.E. BEMIS, JR., J.P. YOUNG AND S.D. KRAMER, Oak Ridge 
National Laboratory *--The optical isomer shift in the 

8s 7 /2-> 10p 7/2 transition in Ami has been measured to be 
AX = +2.6±0.2 A for the ~1 ms fission isomer 240m Am, 
relative to normal 248 Am (x 0 = 6405.1 A). The shift is 
~27 times larger than the 241 Am to 243 Am isotope shift- 
implying, without recourse to nuclear structure models, 
an extremely unusual shape for 240m Am. The difference in 
nuclear mean square radii between 24(lm Am and the normal 
ground state is deduced to be 5<r 2 >=5.1±0.2 fm 2 (thus, 
$=0.66±.04, or Q o =32.7±2.0 b). The 240m Am was produced 
with 49-MeV 7 Li + 238 U and the 240 Am recoils thermalized 
in 180 Torr of helium. The atomic transition frequency 
was measured using a laser induced optical pumping tech¬ 
nique. At the optical resonance frequency, dynamic 
orientation of 24 ° m Am nuclei occurs. The consequent 
anisotropic fission decay was used as the signature for 
the resonance condition. Our results provide direct 
experimental proof for the conventional association of 
fission isomerism with large stable deformations. 
♦Supported by the Dept, of Energy under Contract No. 

W-7405-eng-26 with Union Carbide Corporation. 


AG 12 Absolute Efficiency of Kimfol Filins for Fission 
Fragments From Thick Sources .* T. R. YEH and H. LANC- 
MAN, B rooklyn College, CUNY— The absolute efficiency of 
8/*m thick kimfol films for counting fission fragments 
emerging from thick foils has been determined experi¬ 
mentally as a function of the depth in the foil at 
which the fission fragments are emitted and the angle 
they make relative to the normal to the foil. The 
accuracy of the efficiency determination was checked 
by measuring the counting rate of spontaneous fission 
fragments from thick foils of uranium and determining 
the probability of spontaneous fission of 8 °U from the 
data. The obtained value of Xsf = (6.4 + 0.3) x 10” 1 - 7 
yr“l is in close agreement with -\sf = 7 x 10“ 17 yr“l 
the accepted value in fission track dating. 

*This work was supported in part by USDOE contract No. 
DE-AC02-79ER10452 and by the PSC-BHE Faculty Research 
Award Program of CUNY. 

AG 13 The Tripple-Humped Fission Barrier of 2 32p a + . 

S. PLATTARD ( Bruyeres-le-Chatel , France ),G.F. AUCHAMPAUGH 
( LASL ), N.W. HILL, G. de SAUSSURE, R.B. PEREZ and J.A. 
HARVEY (ORNL).-The neutron induced fission cross section 
(of) of 23lpa was measured at ORELA from 0.4 eV to 12 
MeV at flight paths of 41.68 m for E n >0.1 MeV and 18.30m 
for E n < 10 keV. The fission fragments were detected in a 
sealed gas scintillator loaded with 265 mg of 231p a and 
130 mg of 23 5u. From 0.15 MeV up to 1 MeV, Of exhibits 
prominent structures particularly below 380 keV where 
two narrow (^2.6 keV FWHM) and well separated peaks are 
centered around 156.7 and 173.3 keV respectively. Occu¬ 
rence of such two resonances with K 77 = 3 + and 3“ is very 
likely the signature of a vibrational level (K=3) trap¬ 
ped in the asymmetrically deformed third well of the 
232p a potential energy surface. In*addition, uniformly 


487 



























distributed narrow fission resonances have been observed 
for the first time above a neutron energy of 1.3 eV. 

This feature, together with a measured average fission 
width of 8 peV for these resonances, indicates that l) 
the first minimum of the 2 32p a fi ss i 0 n barrier is on the 
order of, or lower than, the neutron separation energy 
in 32p a an £ p) the third minimum is rather shallow (0.5 
to 1 MeV). 

+ Work supported in part by the US Department of Energy. 


AG 14 Excitation Energy and the Statistical Theory of 
Fission . PETER FONG, Emory U .—The statistical theory 
relates the fission probability to the excitation energy 
at the scission point E g . Direct verification is hindered 
by the fact that the observed excitation energy Ef dif¬ 
fers from E s by the addition of deformation energy D. 
Recently Asghar et al^ plotted mass distribution curves 
for fission events within fixed intervals of E f . For a 
very small value of Ef the scission point is nearly two 
undeformed fragments in contact; D is negligible and E g 
is nearly the same as E^, which is largest for the doubly 
magic nuclide 132. The theory then predicts the mass 
distribution curve to be narrowly peaked at mass 132. For 
a very large value of E^ the Coulomb energy is reduced 
and the deformation is increased by nearly a fixed amount. 
But the energy D, depending on the stiff constant, is 
smaller for symmetric fission. The statistical theory 
then predicts the mass distribution curve to be peaked in 
symmetric fission. Both predictions are borne out by the 
curves of Asghar et al. This is a decisive proof of the 
statistical theory because the shift of the peak position 
here is related to only one parameter, i.e., the excita¬ 
tion energy Eg. All dynamic parameters remain the same 
and no dynamic theory can explain this shift. 

%.Asghar, C.Guet, P.Perrin, Nucl. Phys. A298 , 13 (1978). 


AG 15 Muon-Induced Fission: A Probe for the Friction 
Coefficient ?*. V. E. OBERACKER, Oak Ridge National Lab .t 
and J. A. MARUHN, Frankfurt University .—The time- 
deY^Jopment of the muonic wavefunction during fission of 
a 94 PU nucleus is studied theoretically. The fission 
process is induced by radiationless transitions of the 
muon in the target atom following atomic muon capture. 

We solve the time-dependent Schrodinger equation for the 
y~ wavefunction in an axially symmetric spatial grid by 
methods known from TDHF. The probability P^t-* 30 ) for the 
muon to stay at the heavier fission fragment, as well as 
its excitation probability, depends upon the friction 
coefficient. The influence of friction on the localiza¬ 
tion of the muonic wavefunction is found to be largest 
for mass asymmetries K,/K of the fission fragments be¬ 
tween 1.05 and 1.20 L 


*Submitted by J. B. McGRORY. 

^Operated by Union Carbide Corporation for the U.S. 
Department of Energy under contract W-7405-eng-26. 


Supplementary Program 

AG 16 Information about High-Phonon g-Vibrations in 
Actinides from Coulomb Fission* . V.E. OBERACKER, ORNL^ , 
H. KRUSE and W.T. PINKSTON, Vanderbilt Univ ., and W. 
GREINER, Frankfurt Univ .—Coulomb fission of actinide 
nuclei by heavy projectiles is studied within a semi- 
quantal theory. The calculated excitation functions are 
in good agreement with recent experiments at bombarding 
energies < 0.90 E^. where the electric interaction domi¬ 
nates. Deviations at higher energies due to strong 
interaction effects are discussed, in particular the non¬ 
existence of a Coulomb-nuclear interference minimum. The 
theory predicted a strong Zp-dependence 1 of the fission 
probabilities at a fixed energy E/E c , P CF ~ (Z p ) 6 for 
92 U, which has also been confirmed experimentally. An 
interesting difference is found in the case of a ggTh 
target. Because of the lower 3-vibrational frequency of 
232ih (0.72 MeV) compared to 2 ^®U (0.99 MeV)., more multi¬ 
ple excitation steps are needed to overcome the fission 
barrier, resulting in an even steeper increase of P CF 
with Zp. This effect might be used to obtain global in¬ 


formation about hig h-phonon 3 -vibrations in actinides. 
*Submitted by J. B. McGRORY. 

^Operated by Union Carbide Corp. for the U.S.D.O.E. 

*V. Oberacker, et al., Phys. Rev. C20 , 1453 (1979). 


■ SESSION AH: NEUTRINO INTERACTIONS 
Monday morning, 28 April 1980 
Forum Room, Shoreham-Americana Hotel at 9:00 A.M. 

T. Kafka, presiding 

AH 1 Study of Charged-Current Events from a 

Wideband Neutrino Beam at BNL .* M. KALELKAR, 

P. F. JACQUES, P. A. MILLER, R. J. PLANO, P. E. 
STAMER, Rutgers Univ. , E. B. BRUCKER, E. L. 
ROLLER, S. TAYLOR, Stevens Inst, of Tech. , 

C. BALTAY, H. FRENCH, M. HIBBS, R. HYLTON, 

K. SHASTRI, A. VOGEL, Columbia Univ. —We have 
analyzed a 200,000 picture exposure of the BNL 
7-ft. bubble chamber to a wideband neutrino 
beam. The chamber was filled with a "heavy" 
neon-hydrogen mixture. The exposure has 
yielded about 4000 charged-current events. 
Properties of these events, including 
scaling variable distributions, will be 
presented. 

*Research supported in part by the NSF and 
the DOE. 


AH 2 Observation of Charmed Particles in a 
Hybrid Emulsion-Spectrometer. * 

D. BAILEY, and the Fermilab E531 collaboration, 
Aichi U. of Education, Fermilab, Kobe U., 

Korea U., McGill U., Nagoya U., Ohio State U., 
Okayama U., Osaka City U., U. of Ottawa, 

Science Education Inst, of Osaka Prefecture, 

U. of Tokyo, U. of Toronto, Yokahama National 
U.**—Thirty liters of Fuji emulsion were 
exposed in a single horn wide band neutrino 
beam and the interactions reconstructed using 
a downstream multiparticle spectrometer. More 
than 25 weak decays of charmed particles have 
been observed. The production characteristics 
of the charmed particles are presented. 

* Submitted by S.ERREDE 

** Supported by: Japanese Ministry of 

Education, National Science and Engineering 
Research Council of Canada, the U.S. 
Department of Energy, and the National 
Science Foundation. 


AH 3 Experimental Tests of QCD Deep-Inelastic Neutrino 
Scattering .* M.D. S0K0L0FF, H.C. BALLAGH, H.H. BINGHAM, 
W.B. FRETTER, T. LAWRY, G.R. LYNCH, J. LYS, J. ORTHEL, 
M.L. STEVENSON, G.P. YOST, U. of California, Berkeley 
and LBL; D. GEE, F.R. HUSON, T. MURPHY, E. SCHMIDT, 

W. SMART, E. TREADWELL, J. WOLFSON, Fermilab ; R.J. CENCE, 
C.H. FUJIYOSHI, F.A. HARRIS, M.D. JONES, S.I. PARKER, 

M.W. PETERS, V.Z. PETERSON, V.J. STENGER, G.N. TAYLOR, 

U. of Hawaii ; T.H. BURNETT, L. FLURI, H.J. LUBATTI, 

K. MORIYASU, D. REES, G.M. SWIDER, E. WOLIN, U. of Wash¬ 
ington, Seattle ; U. CAMERINI, W. FRY, R.J. LOVELESS, 

P. MCCABE, M. NGAI, D.D. REEDER, U. of Wisconsin— Pertur- 
bative QCD predicts non-scaling behavior for the hadron 
system in deep-inelastic scattering. We analyze our 
neutrino data described by the two previous speakers, 
in terms of angular energy flow as defined by Peccei and 
Ruckl,^ and in terms of the planarity of the hadron sys¬ 
tems of individual events. The results are compared with 
a scaling model which follows Field and Feynman 2 and with 
a Monte Carlo simulation of perturbative QCD. 


*Submitted by V. J. Stenger. 

'Work supported by DOE and NSF. 

Ir.D. Peccei and R. Ruckl, Max Planck Inst. 


preprint 


MPI-PAE/PTh 21/79. 

2r.D. Field and R.P. Feynman, Nucl. Phys. B136 (1978). 
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AH 4 Observation of Hig h Transverse Momentum Hadrons 
in NeutrTncT Interactions .* T C.H. FUJIYOSHI, R.J. CENCE, 

F.A. HARRIS, M.D. JONES, S.I. PARKER, M.W. PETERS, V.Z. 
PETERSON, V.J. STENGER, G.N. TAYLOR, U. of Hawaii ; H.C. 
BALLAGH, H.H. BINGHAM, W.B. FRETTER, T. LAWRY, G.R. LYNCH, 
J. LYS, J. ORTHEL, M.D. SOKOLOFF, M.L. STEVENSON, G.P. 
YOST, U. of California, Berkeley and LBL ; D. GEE, F.R. 
HUSON, T. MURPHY, E. SCHMIDT, W. SMART, E. TREADWELL, 

J. WOLFSON, Fermilab ; T.H. BURNETT, L. FLURI, H.J. LUBAT- 
TI, K. MORIYASU, D. REES, G.M. SWIDER, E. WOLIN, U. of 
Washington, Seattle ; U. CAMERINI, W. FRY, R.J. LOVELESS, 

P. MCCABE, M. NGAI, D.D. REEDER, U. of Wisconsin— In an 
experiment using the Fermilab 15-ft. Neon-Hydrogen Bubble 
Chamber and the Quadrupole Triplet Neutrino Beam, a high 
Q 2 enriched sample of charged-current events has been 
used to study hadron transverse momenta. The average 
neutrino energy of the total sample is above 100 GeV, 
significantly higher than previous experiments. A rise 
in the mean square transverse momentum with Q z and W is 
seen, confirming other results and in agreement with the 
predictions of QCD. 

^Submitted by V. J. Stenger. 

+Work supported by the U. S. Department of Energy and 
the National Science Foundation. 

AH 5 Characteristics of the Hadron Final State in 
Charged-Current Neutrino Interactions .* G.M. SWIDER. T.H. 
BURNETT, L. FLURI, H.J. LUBATTI, K. MORIYASU, D. REES, 

E. WOLIN, U. of Washington, Seattle ; H.C. BALLAGH, H.H. 
BINGHAM, W.B. FRETTER, T. LAWRY, G.R. LYNCH, J. LYS, 

J. ORTHEL, M.D. SOKOLOFF, M.L. STEVENSON, G.P. YOST, 

U. of California. Berkeley and LBL ; D. GEE, F.R. HUSON, 

T. MURPHY, E. SCHMIDT, W. SMART, E. TREADWELL, J. WOLF- 
SON, Fermilab ; R.J. CENCE, C.H. FUJIYOSHI, F.A. HARRIS, 
M.D. JONES, S.I. PARKER, M.W. PETERS, V.Z. PETERSON, V.J. 
STENGER, G.N. TAYLOR, U. of Hawaii ; U. CAMERINI, W. FRY, 
R.J. LOVELESS, P. MCCABE, M. NGAI, D.D. REEDER, U. of 
Wisconsin—From an experiment using the Fermilab 15-ft. 
Neon—Hydrogen Bubble Chamber and the Quadrupole Triplet 
Neutrino Beam, we have measured and analyzed a sample of 
neutrino-nucleus charged-current interactions. Charac¬ 
teristics of the hadron final state will be presented 
with emphasis on the dependence on Q 2 and W. 

*Submitted by V. J. Stenger. 

%ork supported by the U. S. Department of Energy 
and the National Science Foundation. 

AH 6 Quarks Jets from Deep Inelastic 

An tineutrino-Nucleon Scattering * R. Orava, 
J.P. Berge, D. Bogert, R. Hanft, J.A. Malko, 
G.I. Moffatt, F.A. Nezrick, and J. Wolfson, 
Fermilab ; V.V. Ammosov, A.G. Denisov, P.F. Er- 
molov, V.A. Gapienko, V.I. Klukhin, V.I. Kore- 
shev, P.V. Pitukhin, V.I. Sirotenko, E.A. Slo- 
bodyuk, Z.U. Usubov and V.G. Zaetz I HEP ; 

V.I. Efremenko, A.V. Fedotov, P.A. Gorichev, 
V.S. Kaftanov, G.K. Kliger, V.Z. Kolganov, 
S.P. Krutchinin, M.A. Kubantsev, I.V. Makhl- 
jueva, V.I. Shekeljan, and V.G. Shevchenko, 
ITEP; J Bell, C.T. Coffin, W. Louis, B.P. Roe, 
rTtT Ross, A.A. Seidl, D. Sinclair, and 
E. Wang, U. of Mich * -We investigate inclusive 
spectra of hadrons in the current fragmentation 
region in antineutrino-charged current inter¬ 
actions in the Fermilab 15-Ft. bubble chamber. 
Support is presented for the d-quark origin of 
the forward hadrons in the hadron center-of- 
mass system. No scaling violations nor 
factorization breaking is observed in the frag¬ 
mentation functions when a reasonable separa¬ 
tion between the target and current fragmenta¬ 
tion regions is required. 

+Submitted by J.P. Berge 

Work supported by the U.S. Department of 
Energy. 


AH 7 Jets in High Energy Antineutrinq 

Interactions-!- M.A. Kubantsev, J.P. Berge, 

D~ Bogert, R. Hanft, J.A. Malko, G.I. Mof¬ 
fatt, F.A. Nezrick, R. Orava and J. Wolfson, 
Fermilab; V.V. Ammosov, A.G. Denisov, P.F. 
Ermolov, G.S. Gapienko, V.A. Gapienko, 

V.I. Klukhin, V.I. Koreshev, P.V. Pitukhin, 
V.I. Sirotenko, E.A. Slobodyuk, and V.G. Za¬ 
etz, IHEP; V.I. Efremenko, A.V. Fedotov, 

P.A. Gorichev, V.S. Kaftanov, G.K. Kliger, 

V.Z. Kolganov, S.P. Krutchinin, I.V. Makhl- 
jueva, V.I. Shekeljan, and V.G. Shevchenko 
ITEP; J. Bell, C.T. Coffin, W. Louis, 

B. p. Roe, R.T. Ross, A.A. Seidl, D. Sinclair, 
and E. Wang, U. of Mich. *-Using data from the 
Fermilab 15-ft. bubble chamber filled with Ne- 
H 9 mixture we have studied jet properties in 
charged current antineutrino interactions. 
Distributions in the variables sphericity, 
thrust and energy flow are presented. The 
angular size of the jets is found quite similar 
to that of e e" annihilation. No indication of 
pertubative QCD effects is observed. 

tSubmitted by R.W. Hanft. 

♦Work supported by the U.S. Department of 
Energy. 

AH 8 Charged-Current Events with Neutral Strange 
Particles in High Energy Antineutrino Interactions ^ 

V.L Sirotenko, J.P. Berge, D. Bogert, R. Hanft, J.A. Mal¬ 
ko, G.L Moffatt, F.A. Nezrick, R. Orava, and J.Wolfson, 
Fermilab; V.V. Ammosov, A.G. Denisov, G.S. Gapienko, 

V.A. Gapienko, V.L Klukhin, V.L Koreshev, P.V. Pitukhin, 

E.A. Slobodyuk, Z.V. Usubov, and V.G. Zaetz, IHEP; 

V.L Efremenko, A.V. Fedotov, P.A. Gorichev, V.S. Kafta¬ 
nov, G.K. Kliger, V.Z. Kolganov, S.P. Krutchinin, 

M.A. Kubantsev, L.V. Makhljueva, V.L Shekeljan, and 
V.G. Shevchenko, ITEP; J. Bell, C.T. Coffin, W. Louis, 

B.P. Roe, R.T. Ross, A.A. Seidl, D. Sinclair, and E. Wang, 

U. of Mich.*-The resuLts of_a study of strange particles 
produced in charged-current vN interactions in the Fermi¬ 
lab 15-Ft. bubble chamber are presented. Production 
rates .and average muLtipUcities of K and A as a function 
of W and <y are given. The data are compared with 
QPM, charm effects are discussed. Production of D- 
mesons and K*(890), l (1385) are considered. The ratio 
between probability of producing ss pair versus uu pair in 
the quark jet cascade has been measured. 

-Submitted by J. Wolfson 

♦Work supported by the U.S. Department of Energy. 

AH 9 Charged Current Neutrino-Deuterium Interactions* 

J. HANLON, R.A. BURNSTEIN, H.A. RUBIN, Ill. Inst, of 
Tech., C.Y. CHANG, T. DOMBECK, G.A. SNOW, D. SON, P.H. 
STEINBERG, Univ. of Maryland , R. ENGELMANN, T. KAFKA, 

S. SOMMARS, S.U.N.Y. at Stony Brook , T. KITAGAKI, 

S. TANAKA, H. YUTA, K. ABE, K. HASEGAWA, A. YAMAGUCHI, 

K. TAMAI, T. HAYASHINO, S. KUNORI, Y. OHTANI, H. HAYANO, 
Tohoku Univ . J. CALLAS, C.C. CHANG, W.A. MANN, A. NAPIER, 

J. SCHNEPS, Tufts Univ .—We present an analysis of the 
production of charged hadrons in Vn and Vp collisions 
in the Fermilab 15-foot deuterium-filled bubble 
chamber exposed to a wide band neutrino beam. The 
multiplicity distributions and their moments are com¬ 
pared with those observed in hadron induced reactions. 

♦Research supported in part by the National Science 
Foundation, and U.S. Department of Energy. 

AH 10 Neutral Currents in Neutrino-Deuterium Inter- 
actions* S. SOMMARS, R. ENGELMANN, T. KAFKA, S.U.N.Y. 
at Stony Brook, R.A. BURNSTEIN, J. HANLON, H.A. RUBIN, 
Ill. Inst, of Tech ., C.Y. CHANG, T. DOMBECK, G.A. SNOW, 
D. SON, P.H. STEINBERG, Univ. of Maryland , T. KITAGAKI, 
S. TANAKA, H. YUTA, K. ABE, K. HASEGAWA, A. YAMAGUCHI, 

K. TAMAI, T. HAYASHINO, S. KUNORI, Y. OHTANI, H. HAYANO, 
Tohoku Univ., C. C. CHANG, W.A. MANN, A. NAPIER, J. 
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SCHNEPS, Tufts Univ .— We report on measurements of the 
ratio of neutral- to charged-current cross sections in 
the deuterium filled Fermilab 15-foot bubble chamber. 

The ratios for proton and neutron targets are presented 
separately. 

^Research supported in part by the National Science 
Foundation and the U.S. Department of Energy. 

AH 11 Inclusive Vector Meson Production in vD Charged 
Current Interactions .* C.C. CHANG. W.A. MANN T A. maptfp^ 

J. SCHNEPS, Tufts Univ .. R.A. BURNSTEIN, J. HANLON, H.A. 
RUBI N, Illinois Inst. Tech .. C.Y. CHANG, T. DOMBECK, 

G.A. SNOW, D. SON, P.H. STEINBERG, Univ. of Maryland. 

R. ENGELMANN, T. KAFKA, S. SOMMARS,S.U.N.Y. at 
Stony Brook , T. KITAGAKI, S. TANAKA, H. YUTA, K. ABE, 

K. HASEGAWA, A. YAMAGUCHI, K. TAMAI, T. HAYASHINO, 

S. KUNORI, Y. OHTANI, H. HAYANO, Tohoku Univ .— 
Production of K* - (890), p°, and go 0 vector mesons is 
examined using a portion of a v D exposure of the 
Fermilab 15-foot bubble chamber^cSrresponding to 3000 
charged current events with E above 10 GeV. Delinea¬ 
tion of resonance processes is explored by comparing 
v y interactions with target neutrons and with target 
protons; distributions in inclusive lepton and hadron 
variables will be discussed. 

*Research supported in part by the U.S. Department 
of Energy and the U.S. National Science Foundation. 

AH 12 -Propertips of the Final Hadron 1 r StafP -in 
Jjeutrino-Deuterium Interactions.* P.H. STEINBERG, C.Y. 
CHANG, T. DOMBECK, G.A. SNOW, D. SON, Univ. of Maryland. 
R.A. BURNSTEIN, J. HANLON, H.A. RUBIN, Illinois Inst, of 
Tech., R. ENGELMANN, T. KAFKA, S. SOMMARS, S.U.N.Y. at— 
Stony Brook , T. KITAGAKI, S. TANAKA, H. YUTA, K. ABE, 

K. HASEGAWA, A. YAMAGUCHI, K. TAMAI, T. HAYASHINO, S. 
KUNORI, Y. OHTANI, H. HAYANO, Tohoku Univ .. C.C. CHANG, 
W.A. MANN, A. NAPIER, J. SCHNEPS, Tufts Univ.. — We 
report on a study of the properties of the final state 
hadronic system in neutrino-deuterium collisions in 
the Fermilab 15-foot bubble chamber. We make a detailed 
comparison between vp and vn interactions. 

*Research supported in part by the U.S. Department 
of Energy and the U.S. National Science Foundation. 


AH 15 A Transition Radi a tor-Detector System for 
Beam Particle identification.* L.C. MYRIANTHQPOULQS. 

R.^ELLSWORTH, R.G. GLASSER, R. HOLMES, and H. STROBELE, 
University of Maryland .—We describe the installation 
and performance of a system designed to tag pions 
above 200 GeV/c in the beam for the Fermilab Multi par¬ 
ticle Spectrometer. The transition radiation emitted 
in the X-ray region when the beam traverses a stack 
of Li foils is used to identify the pions. A bending 
magnet placed downstream of the radiator provides 
spatial separation of the beam and X-ray spots. The 
efficiency of tagging pions and the background will 
be compared to the theoretical predictions. The initi¬ 
al application of this device will be to tag particles 
for Fermi lab's E557, an experiment to study jet pro¬ 
duction in hadron-hadron collisions. 

^Supported in part by the U.S. Dept, of Energy. 


AH 16 Causal Theory of Neutrinos And Elementary Parti ¬ 
cles! I, NEUTRON Formation/Decay (Beta-decay) Causal ttv» 
B.B,P. SINHA,?ISM,P.O.Boxj392 t Stn. B, LONDON , Ont.. Cana da" 
N6A 4Z3. —Recently (see Ref.l),a CAUSAL THEORY of Neu- 1 
trlnos (three or more kinds) and fundamental particles 1- 
has been briefly and elegantly discussed* Neutrinos are 
shown to be mass-less particles of Quantized-Energy with 
elusive features because of the Vanishing Space or Time 
front and a definite ((3/2)N | raj c 2 ) creation -process ( 
differing from Einstein m Q c 2 definiteness),where N is an 
integer,and m Q — any mass (the smallest one » electron)* 
No Fundamental particle other than the primary proton(p) 
,electron(e),and photon can ever exist without the cau¬ 
sal existence of the above-characterized Neutrinos fami¬ 
ly* For example, let us see of Neutron(n) causality as 


n(E) < 22 ; P (E) + e (£) 

MeV 939.553^ 938*259 0.511 0.767' u.uib 
where T(E,spin=^) refers to electron-mass neutrino ener¬ 
gy, and F stands for WEAK binding/release energy. 


+ T(E=U3/2) e-energ}))+ F 
n w 0.016 


1 B.B.P. Sinha,"New Theory ..Collected Papers,1974 

- 1975: CANADIANA/Ottawa,Vo1.1,Sec.1,561(1975); 

Bull. Am. Phys. Soc. 23, 68,69 (1978) 

2 GBL, Physics Today 30 , No.11, 17 (1977) 


AH 13 Monte Carlo Simulation of the DUMAND Array .*t 
V.J. STENGER, Hawaii DUMAND Center . U. of Hawaii —The 
DUMAND array of optical detectors is being simulated 
by Monte Carlo methods. Results are presented on the 
angular and energy resolution as functions of the 
parameters of the array. The implications for astro¬ 
nomical observations and high-energy physics experiments 
with DUMAND are discussed. 

^'Submitted by V. J. Stenger. 

+Work supported by the U. S. Department of Energy. 

AH 14 Sea Urchin: An Improved C erenkov Detector for 
DUMAND .*Ta. ROBERTS, Hawaii DUMAND Cen ter. U. of Hawaii ; 
H. HINTERBERGER, Fermilab —The DUMAND project _ requires~’ 
an inexpensive, highly efficient, sensitive detector for 
Cerenkov photons in the ocean. We aim at a light-concen¬ 
trating factor of ca. 100 using wavelength-shifting (WLS) 
techniques, the design objective being an equivalent 
light-collecting area of lm 2 using a single 5-8" diameter 
phototube. The most promising technique found to date 1 
uses a glass hemisphere about 16" in diameter, to which 
are attached radial elements ca. 1" in diameter, 3m long. 
Each element ("spine") is a transparent tube or rod with 
WLS either coated on the surface 2 or dissolved inside. 
Internally trapped fluorescent light reaches the glass 
hemisphere, and the emergent light cone is intercepted 
by the concentric hemispherical photocathode. Since 
hundreds of spines densely fill the hemispherical glass 
surface, a large effective light-intercepting area is 
obtained. Optimization studies are in progress. 
^Submitted by A. Roberts. 

jWork supported by the U. S. Department of Energy. 

A. Roberts, H. Hinterberger, and F. Reines, Fermilab 
TM-908. 

2 W. Viehmann and R. L. Frost, NASA TM-79723. 


■ SESSION Al: GENERAL RELATIVITY 
Monday morning, 28 April 1980 
Tudor Room, Shoreham-Americana Hotel at 9:00 A.M. 

D.R. Brill, presiding 

AI 1 

Gravitationally Bound States of Dirac Electrons: 

Numerical Solutions. JAMES D. SILK, DIETER R. BR| 

University of Maryland . We consider an electron ; 
the gravitational field of an electrically neutrai 
spinless spherical shell of matter. The gravitat; 
field is described by the curved spacetime of gen 1 
relativity, and the electron by the general relat 
tic Dirac equation. The energy levels and radial 
spinor functions are computed and comparison is m 
to the corresponding electrically bound flat spac 
solutions. 

AI 2 Relativistic N-Particle Systems and 
Confinement . M.J. KING, and F. R0HRLICH, 

Syracuse U .—The relativistic Hamiltonian 
dynamics of N spinless particles can be expressed 
by N+l pairs of canonical fourvectors (center-of- 
momentum variables or CMV). The gauge 
independent generalization of our previous work 1 
involves N+3 first class kinematic constraints 
leading to a 6N+2 dimensional minimum kinematic 
phase space. In this space the (invariant) 

Hamiltonian H is specified. If H is expressed in 
terms of the 8(N+l) CMV it will contain additive 
gauge terms. Requiring that these gauge terms 
vanish results in a restricted interaction 
involving only momentum dependent terms. These 
momentum-dependent interactions prohibit 
scattering solutions for a relativistic two- 
particle system thus leading to confinement. 
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Applications to quark-quark interactions are 
conceivable when the confining interactions are 
viewed as an effective interaction obtained from 
QCD when all but a finite number of degrees of 
freedom are frozen. We shall also discuss the 
question of observability of covariant worldlines. 

1 F. Rohrlich, Annals Phy. 117 > 292 (1979)* 

AI 3 POINCARE GROUP CONSIDERATIONS FOR RELATIVISTIC 
BOUND-STATE MODELS OF THE HADRONS 7* Paul E. Hussar, 
University of Marylnad . The systematic study of the 
Poincare invariance of relativistic extended hadrons 
should include considerations of the hadronic coordi¬ 
nate, relative quark coordinates specifying internal 
quark motions, and quark spins. In analogy with the 
case of spinless quarks studied by Kim et al., the 
generators and Casimir operators are constructed for a 
two-body bound state of a quark and an antiquark with 
spin 1/2. Again in analogy with the spinless case, 
representations of the Poincare group are constructed 
from solutions of the linear harmonic oscillator equa¬ 
tions studied by Takabayashi . It is pointed out that 
these solutions are diagonal in the Casimir operators. 

The physics of this procedure is discussed. 

*Submitted by Y. S. Kim 

1 Y. S. Kim, M. E. Noz and S. H. Oh, J. Math. Phys. 20, 

1341 (1979). 

2 T. Takabayashi, Excerpt from a talk given at the Japan 
Physical Society Meeting (Shinshu Univ., Sept., 1978) 

AI 4 Dual Geometric Field Theory .* J. E. RANKIN, Los 
Alamos Scientific Laboratory* *—A representatation of 
gravitational and electromagnetic (EM) fields in a Weyl 
geometry is proposed. Weyl*s dynamical equations are re¬ 
placed with a gauge invariant action with gauge invariant 
variables. The gauge invariant metric is the product of 
the scalar curvature and the Weyl metric. A gauge invar¬ 
iant EM potential also exists. The gauge invariant 
metric defines a Riemannian subgeometry. The action in 
this subgeometry is formally that of the Einstein-Maxwell 
theory. This gives the Einstein-Maxwell theory in the 
subgeometry, plus one new equation. This is a consis¬ 
tency relation. It has the form of the Hamil ton-Jacobi 
equation of particle mechanics, plus a second-order term. 
Both fields appear properly in the first-order term. /Two 
dimensionless constants appear. The Reissner-Nordstrom 
solution is applied. The new equation separates and a 
close similarity with quantum mechanical, Coulomb force 
treatment appears. Angular equations are identical. The 
radial equation contains new terms that appear applicable 
for small radii. Possible correlation with short-range 
forces is discussed. Possible microscopic entropy is 
identi fi ed. 

*Submitted by Thomas J. Boyd. 

**Work supported by the U. S. Department of Energy. 

AI 5 An Ultra High Q Inertial Clock .* W. STEPHEN 
CHEUNG and ROGERS C. RITTER, Unlv. of Va.— A rotating 
rigid body devoid of all physical disturbances would be 
an ideal frequency standard (Q=°°). A feedback-corrected 
corotation scheme employing two concentric cylinders 
offers one method to realize an approximation of such 
a rotor (the inner, protected one). The double magnetic 
suspension of Beams 1 is a scheme with minimum realizable 
bearing friction and interaction for this purpose. The 
corotation method further minimizes effects of residual 
gas as well as bearing friction between the two cy¬ 
linders (if the bearing rotates). Potential couplings 
between the cylinders and the servo interaction of the 
two magnetic support systems are dominant questions for 
study. Results of experiments to date and possible 
applications in relativity and gravitation 2 will be 
presented. 

*Supported by NSF Grant PHY78-03208 and NBS Grant 
G8-9025. 

■Kj. W. Beams, Rev. Sci. Instrum. 34, 1071 (1963). 

2 r. c. Ritter, Proc. 2nd Marcel Grossman Conf. on 
General Relativity (to be published) (1979). 


AI 6 Comments on the Dirac Equation with a Quadratic 
Scalar Potential . B. RAM, New Mexico State U .—In an 
earlier paper 1 we solved the Dirac equation with a qua¬ 
dratic scalar potential using the method of infinite 
series in which there appears a four term recursion 
relation. Here we examine and discuss the problem in 
an alternative approach in which the Dirac equation is 
first transformed to an equivalent one-dimensional 
Schroedinger equation with an effective potential. 

X B. Ram and R. Halasa, Lett. Nuovo Cimento, in press. 

AI 7 Measurements of a magnetically supported precl- 
sion rotor.* GEORGE R. JONES, GEORGE T. GILLIES, and 
ROGERS C. RITTER, Univ. of Virginia—Decay time studies 
of magnetically suspended rotors with rotational speeds 
of 10^ - 10^ Hz have exhibited Q values 1 as high as 
101-3 to lO 1 ^. For possible gravitational experiments 
interest lies in the extension of such measurements to 
more massive systems with much lower rotational veloci¬ 
ties, < 2 Hz, hence correspondingly higher decay time. 
The magnetic syspension system tested uses a split 
photodiode whose output is fed into a differential 
circuit. It is expected that such a system would re¬ 
sult in greater thermal stability, as well as other 
improvements inherent in differential designs, to the 
magnetic bearing. Tests of the rotor are compared to 
those from a similar rotor of older suspension design^. 


*Supported by NSF Grant PHY78-03208 and NBS Grant G8- 
9025. 

1 J. W. Beams, D. M. Spitzer, J. P. Wade, Rev. Sci. 
Instrum. J33 (1962) 151. 

J. R. Fremery, Rev. Sci. Instrum. 42 (1971) 753. 

2 G. T. Gillies, R. C. Ritter, paper given at APS 
meeting, Chicago, Jan. 1980. 

AI 8 Spindown Measurements on a Protected Rotor.* 
GEORGE T. GILLIES and ROGERS C. RITTER, Univ. of Va.— 

A 250 gm Zerodur disc has been magnetically suspended 
and set in free rotation inside an evacuated quartz 
cylinder. This outer cylinder was driven at constant 
angular speed equal to that at which the inner cylinder 
was initially spun. Since the intercylinder atmosphere 
is expected to be largely in co-rotation, 1 the residual 
gas friction damping the inner rotor is made small. 

The inner rotor speed decay time constant was measured 
using modified Jones optical levers and an averaging 
digital counter with a cesium beam frequency standard. 
For this developmental version of the experiment to 
dynamically measure matter creation^, results including 
spindown decay time constants, inner rotor vertical 
position stability, and outer cylinder angular speed 
constancy will be presented. The nature of the 
observed residual drag torque will be discussed. 

* 

Supported by NSF Grant PHY78-3208 and NBS Grant 
G8-9025. 

■^J. U. Beams, Rev. Scien. Instrum., 34 , 1071 (1963). 

? 

Ritter, R. C., Gillies, G. T., Rood, R. T., and 
Beams, J. W., Nature, 271, 228 (1978). 


AI 9 Quantum Unified Field Theory . DAVE PANDRES, JR. 
North Georgia College, Dahlonega, GA 30533 —We obtain the 
geometry which provides the natural medium for describing 
the quantum unified field, by introducing the largest 
group of coordinate transformations under which conserv¬ 
ation laws are invariant. These transformations, called 
conservative , are defined by x v >5 ( x0l ,y>v " xS »v>y^ = °* 
The group is so large that points do not have invariant 
meaning; hence, the geometry is defined not upon a mani¬ 
fold, but upon a space in which paths are the primary 
elements. Structure is expressed by a tetrad hiy, and a 
curvature vector is defined by Cy = (h 1 .. .. - H ,.) 


(h ] 


y jv 


). 


There exists a conservative coordinate transformation to 
a coordinate system in which h^ is constant, if # and only 
if Cy = 0. A metric is defined by g yv = g-jj h^-y h3 v , 
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where g_j. = diag (-1,1,1,1). The geometry is quantized 
by the path-integral method, using L = C a C a as Lagrang- 
ian. The macroscopic limit is described by field equat¬ 
ions which flow from 6JL d^x = 0. These equations desc¬ 
ribe gravitation and electromagnetism, and contain terms 
that appear suitable for describing the short-range int¬ 
eractions. Path-space geometry may be used to construct 
other quantum unified field theories (as Riemann geometry 
may be used to construct gravitational theories other 
than general relativity). PREPRINTS AVAILABLE ON REQUEST. 

AI 10 SPACE-TIME GEOMETRY OF RELASTIVISTIC HADRONS . 

D. Han, Sigma~Data Services Co ., and Y. S. Kim, Univ. 
of Maryland * Let us consider longitudinal and t ime- 
like coordinates z and t. Then the quantity (t 2 - z 2 ) 
is Lorentz invariant. This invariant quantity can be 
written as 

t 2 - z 2 = (t + z)(t - z) . 

This means that the area of a rectangle whose sides 
are parallel to the light-cone axes remains invariant. 

It is pointed out that this forms the spacetime geo¬ 
metrical basis for the relativistic quantum mechanics 
of extended hadrons in which the total probability is 
Lorentz invariant. It is pointed out further that 
the hadronic matter distributed within this rectangle 
undergoes Lorentz deformation which can be observed 
in high-energy experimental labs. 2 It is shown that 
this Lorentz deformation property is consistent with 
the peculiarities in Feynman’s parton picture. 

*Y. S. Kim and M. E. Noz, Found. Phys. j?, 375 (1979). 

2 S. Drell and T. M. Yan, Ann. Phys. _60, 578 (1972). 

J R. P. Feynman, Photon-Hadron Interactions ( W. A. 

Benjamin, Reading, MA, 1972). 

AI 11 Equation of Motion in Classical Electro¬ 
dynamics.* J.C„ HERRERA, Brookhaven National Labora¬ 
tory —An equation of motion for a radiating charged 
particle moving in both a gravitational and electromag¬ 
netic field is presented. The rate of electromagnetic 
radiation is given by the covariant generalization of 
the Larmor formula for flat space-time. The proposed 
equation of motion, obtained with the aid of the Prin¬ 
ciple of Equivalence, exhibits none of the difficulties 
that are associated with the covariant extension of the 
Lorentz-Dirac Equation. Consistent with our equation, 
a point charge, moving in the absence of an electromag¬ 
netic field, follows a geodesic path and does not radi¬ 
ate. Instead, when the particle deviates from this 
type of motion, due to an electromagnetic field, then 
it radiates electromagnetic energy. 

*Work performed under the auspices of the U.S. Depart¬ 
ment of Energy. p 

AI 12 Must The Notion Of The Local Null Cone 

Be Modified _Inside_The Schwarzschild' Radius? 

RONALD GAUTREAU, NJIT—The usual "concept of a 
null cone follows from the application of 
Special _ Relativity to regions of weak 
gravitational fields. However, when one looks 
at the strong gravitational region inside the 
Schwarzschild radius Rs, there is evidence that 
a modification of the standard idea of the null 
cone may be necessary there. The velocities of 
rising particles as measured in a falling local 
inertial system approach the speed of light as 
the location of the inertial system approaches 
Rs. This means that the outgoing portion of 
the time like geodesics in a local null cone 
collapses onto the trajectory of the outgoing 
null line as the falling system goes through 
Rs. Furthermore, in any null "cone” inside Rs 
there exists a limiting non-null time like 
geodesic, whose turning radius equals Rs, that 
divides the null cone into particles that are 
followable and non-followable across Rs in any 
coordinate system. These and other facts 

indicate that a revision of the standard 
concept of an elementary null cone may be 
necessary inside Rs. 


AI 13 Retarded Times and Series Expansions .* 

EGON MARX, Harry Diamond Laboratories .—One of the few 
problems that have been studied in the area of the re¬ 
tarded interaction of charged particles is the one¬ 
dimensional problem of two particles moving on a line. 
When particles of opposite charge collide, a power 
series expansion can be attempted. For particles 
moving towards each other, the lowest-order terms ap¬ 
pear to lead to a unique acceleration of /2 in natural 
units (c=l, m=l), but an examination of higher-order 
terms leads to contradictions. When the corresponding 
problem is analyzed for particles moving away from 
each other (pair creation), a contradiction is ob¬ 
tained even in lowest order. 

^Submitted by GEORGE MERKEL 


AI 14 The Compton Effect from a Wave Viewpoint . 

W.R. MELLEN, U. of Lowell . —In a center-of-momentum 
reference frame the wavelength of the photon is equal to 
the deBroglie wavelength of the electron. Relativistic 
Doppler transformations of the incident and scattered 
photon waves back to the laboratory system in which the 
electron is originally at rest yield a short derivation 
of the Compton wavelength shift formula. It is signifi¬ 
cant that the derivation uses only the wave properties 
of light and the electron and the special theory of rela¬ 
tivity, although the derivation is consistent with the 
particle-photon approach using the conservation of energy 
and momentum. The all-wave approach is similar to that 
of Schroedinger which uses the Brillouin effect. 


AI 15 A POSSIBLE UNITARY EQUATION - S.M.Ayub 
A-2, Bliss Apartments, 4/1, McNeil Road, 
Karachi/PAKISTAN — On basis of Grand Symmetry 
SU (5), the unification of gravitational field 
occurs at the Higgs Bason level of -10^ GeV, 
which is unacceptable. Its symmetry breaking 
components also do not help. ContrarilyEins¬ 
tein Tensor expression*for £-field and E.M. 
field are co-variant, and give the same value 
for ZI =12. The direct conversion of §-field 
into E.M. field has been considered possible 
therefore by a rotating coil cutting ctn inten¬ 
se § -field. Confirmations are awaited. On 
these basis and on the general non-converti¬ 
bility of the 4-basic forces into each other. 



study and it has been discussed that any 
Unitary Equation has essentially to be of the 
same mathematical form, the gauge Theoretical 
concepts not yielding an acceptable grand uni¬ 
fication of the gravitational force. 


( SESSION AJ: ATOMIC AND MOLECULAR STRUCTURE: ENERGY 
Monday morning, 28 April 1980 

Richmond Room, Sheraton Washington Hotel at 9:00 A.M. 

B.R. Junker, presiding 

AJ 1 Transient Magnetic Field on 106 Pd in Gd .* 

H. T. King, J. Dunham, and R. Lempert, Stanford 
Univ. ** — Precession measurements have been made on 
the state (T = 19 ps, g = 0.36) of 106 Pd nuclei 
moving rapidly through thin, magnetized Gd foils. 

The intention is to provide velocity-dependence data 
on the transient magnetic field for Pd in Gd similar 
to the extensive data previously obtained for Pd in 
Fe. ’ Such measurements involving ferromagnets with 
atomic structure differing from that of Fe can help 
elucidate the microscopic origins of the transient 
field. Preliminary results using Coulomb excitation 
of 106 Pd by 70 MeV Cl ions with Gd target backings at 
80° K indicate a transient field on Pd (v/c = 0.03) 
in Gd of ~ 17 MG, somewhat smaller than the corres- 
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ponding field in Fe. 

* Submitted by H. T. KING. 

** Supported by NSF grant PHYS 77 24631. 

1 H. T. King and D. L. Clark, Bull. Am Phys. Soc. 

23, 961 (1978). 

2 M. Semba et al., to be published. 

AJ 2 Preliminary Measurement of the Fine Structure 
Interval in the 3 d P State of He (J=0 - J=2) , Mark 
Feldman^ - and Harold Metcalf, S.U.N.Y. Stony Brook* —We 
have made time resolved measurements of the level cros¬ 
sing signals from the J=2, M =2 and the J=M=0 sublevels 
of the 3 3 P state of He near 2277 Gauss. A thermal beam 
of He 2 3 S metastables is excited by a pulse of 3889A 
dye laser light and a temporal slice of the fluorescence 
at 90° to the field is recorded by fast electronics as a 
function of field. A frequency-locked NMR system is 
used to sweep the stabilized magnetic field through sev¬ 
eral linewidths in a series of 100 steps, repeatable to 
about 1 ppm. The symmetric signal with 3 cycles of 
quantum beats is averaged for about one hour to achieve 
S/N * 15 in each of 19 runs. The average center fre¬ 
quency is 9694.92 kHz (NMR,H 2 0) with statistical uncer¬ 
tainty of 3.4 ppm and estimated systematic uncertainty 
of 6 ppm. It is about 15 ppm below previously reported 
results 1 . Work is in progress to improve this result. 

+ Present address: N.B.S., Time and Frequency Standards 
Boulder, Colorado 80303. 

*Supported by the N.S.F. 

1. P.Kramer and F.Pipkin, Phys. Rev. A18 , 212 (1978). 

AJ 3 Lifetimes in Highly Ionized Iron.* B. M. JOHNSON, 
D. C. GREGORY, and K. W. JONES, Brookhaven National Labo¬ 
ratory , E. TRABERT, University of Oxford , T. H. KRUSE, 
Rutgers University , and J. L. CECCHI, Plasma Physics 
Laboratory, Princeton University —EUV radiation from 
highly ionized iron often contributes prominent features 
to spectra from high temperature plasmas. We have stud¬ 
ied the decay of B-, C-, N-, Mg-, A1-, and Si-like iron 
ions using an improved beam-foil time-of-flight technique. 
A grazing incidence spectrometer with a 2.5 cm microchan- 
nel plate coupled to a resistive anode encoder was used 
to record radiation in the wavelength regions of 11-16 
and 23-30 nm produced by the 35- and 150-MeV Fe beams, 
respectively. The position sensitive detector made it 
possible to concurrently measure decay curves for all 
lines in these portions of the EUV spectra. Lifetimes 
deduced from these decay curves will be presented and 
compared with theoretical predictions. 

^Research supported by the Division of Basic Energy 
Sciences, U. S. Department of Energy, Contract No. 
DE-AC02-76CH00016, and the National Science Foundation. 

AJ 4 EUV Spectra of Highly Ionized Nickel.* D. C. 
GREGORY, K. W. JONES, and B. M. JOHNSON, Brookhaven 
National Laboratory , T. H. KRUSE, Rutgers University , 
and J. L. CECCHI, Plasma Physics Laboratory, Princeton 
University —As part of a continuing study of highly ion¬ 
ized atoms which are important constitutents of labora¬ 
tory and astrophysical plasmas, EUV spectra in the range 
from 5 to 50 nm have been measured for foil-excited Ni 
beams at energies from 40 to 150 MeV, corresponding to 
mean charge states from 15 to 21 (Al-like to N-like). 

The radiation emitted by the ion after passage through a 
10 ygm/cm 2 carbon foil was analyzed by a grazing inci¬ 
dence spectrometer equipped with a position sensitive de¬ 
tector (2.5 cm microchannel plate and resistive anode 
encoder). In addition to displaying the general features 
of the spectra, specific resonance transitions of highly 
ionized nickel will be emphasized. These resonance lines 
are prominent features of solar spectral measurements. 

^Research supported by the Division of Basic Energy 
Sciences, U. S. Department of Energy, Contract No. 
DE-AC02-76CH00016, and the National Science Foundation. 

AJ 5 Isotope Shift and Hyperfine Structrue in the 
Optical Spectrum of 52-Hour Pb .* F. MOSCATELLI, R.L. 
WIGGINS, 0. REDI, and H.K. STROKE, New York University .- 


We have measured the isotope shift and hyperfine struc¬ 
ture of the 2833-8 absorption line of 203 Pb. A 9.1-ra 
focal length monochromator (resolving power ~ 10 6 ) was 
used with a multiply scanned photoelectric detection and 
signal averaging system. 1 The use of this system al¬ 
lowed accurate 203 Pb measurements to be made despite some 
spectral overlap with the.long-lived 202 Pb also present 
in the sample. The sample (~100 ng) was produced with 
the Princeton University Cyclotron and processed by dis¬ 
tillation into a form suitable for this work. The result 
for the 203 Pb isotope shift relative to 208 Pb is -19l(3)x 
10” 3 cm -1 . The magnetic dipole interaction constant. A, 
and the quadrupole interaction constant, B, for the 
(6p7s) 3 Pi state are A = 67 .l(8)xl0 ” 3 cm ” 1 and |b|<3x10” 3 
cm” 1 . The results will be discussed in the light of our 
systematic nuclear charge radii and moment studies in the 
region of doubly magic 08 Pb. 

*Work supported by NSF Grant PriY-7909173. 

X G.F. Fulop, C.S. 0, and H.K. Stroke, Rev. Sci. Inst. M3, 
1550 (1977). 

AJ 6 Relativistic Random- Phase - Approximation 
Including Parity-Nonconserving Interactions. Keh- 
Ning Huang and Walter R. Johnson, Univ. of Notre 
Dame*. -- The parity-nonconserving (PNC) weak 
neutral currents in gauge theories can be treated in 
the relativistic random-phase-approximation in¬ 
cluding parity-nonconserving interactions (RRPA- 
PNC). A system of coupled radial RRPA-PNC 
equations is presented. This allows an ab initio 
treatment of the relativistic and correlation effects 
in an atom with parity-nonconserving interactions. 

To obtain Dirac-Fock orbitals as input to the RRPA- 
PNC equations, a set of coupled Dirac-Fock equations 
including parity-nonconserving interactions (DF-PNC) 
is also derived. The parity mixing effects due to the 
PNC interactions are built in from the outset by al¬ 
lowing eigenstates of mixed parity. Multipole tran¬ 
sition amplitudes in RRPA-PNC are also shown to be 
gauge invariant. 

^Supported by the NSF under Grant No. PHY79-09229. 

AJ 7 Laser Induced Dissociation of Na 2 *: Polarization 
of Atomic Fluorescence.* E.W. R0THE, Wayne State U ., R. 
DUREN and U. KRAUSE, MPI fur Stromungsforschung .*--We ob¬ 
serve polarization of fluorescent light from 3^P 3 ,2 atoms 
which originate from the dissociation of electronically 
excited sodium dimers. These Na 2 * are prepared by exci¬ 
tation of ground state Na 2 with an argon-ion laser. The 
overall process is Na 2 X( x I ) + hv(45798) -> Na 2 * B( 1 n ) 
Na( 2 S 1/2 ) + Na*( 2 P 3 , 2 ) + 8 2 Na( 2 S x , 2 ) + hv(5890&) where 
the light, emission is'polarized. The possibility of such 
polarization was predicted by Van Brunt and Zare (VZ) in 
1968. 1 They pointed out that "two necessary conditions 
for polarization are: a) an anisotropic spatial distri¬ 
bution of dissociation products, and b) preferential 
population of the magnetic sublevels of the excited frag¬ 
ments." Polarization of atomic fluorescence from disso¬ 
ciating molecules has not been previously observed. The 
VZ approach to this problem will be used to analyze our 
experiment. 

^Supported in part by the US Army and by NSF 
X R.J. Van Brunt and R.N. Zare, J. Chem. 

Phys. 48, 4304 (1968). 

AJ 8 Measurement of the p-Doubling Constant of the 
A 2 £ State of the OH Free Radical , David Lieberman, Fred 
Raabt and Harold Metcalf, S.U.N.Y. Stony Brook* — We 
have extended our measurements of the parameters of the 
A 2 E state of the OH free radical using a tunable N^ 
pumped, frequency doubled dye laser. By a scan of the 
laser frequency we have recorded the fluorescent 
spectrum from 3078 to 3086A and determined the splitting 
of the p-doublets in K=1 to K=5. We calibrated the 
spectrum using the rotational splittings and the data 
of Dieke and Crosswhite 1 . We have determined the 
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p-doubling constant y = 6875(75) MHz from the formula 
AE = y(K+^). This value, along with measurements we 
have made using quantum beat spectroscopy, allow a 
determination of the excited state p-doubling constant, 
g-factors, and hyperfine constants. 

^Present address: Univ. of Washington, Seattle,WA 98195 
★Supported by the N.S.F. 

1. Dieke and Crosswhite, J.Quant. Sp.Rad.Tran. 2^,97(1962) 

AJ 9 Dissociation Dynamics of van der Waals 
Molecu les* A..J. DEPRISTO, U. of North Carolina 
at Chapel Hill and R. RAMASWAMY, Caltech .—The 
variation of the lifetime f for the van der Waals 

complex I 2 (^ n o ^,v)*-*He with vibrational level v is 

described accurately by the scaling theoretical result 
for vibration-to-translation inelastic rates.' The 
scaling relationship, which contains all a-priori 
factors except the half-collision time t c /2, allowed 

for the determination of t c /2 = 1.0 + g' 3 x 10~ 13 sec 

from the experimental data. Thus, the dissociation 
process actually occurs in less than one vibrational 
-1 3 

period (~ 2.6 x 10 sec) even though typical values 
for x n are greater than 100 such periods. Our analysis 

lends strong evidence to the view of van der Waals 
dissociation as a simple vibration-translation 
inelastic process. 

^Submitted by A. E. DEPRISTO. 

, Supported by a Research Corporation grant. 

R. R. Ramaswamy and A. E. DePristo, J. Chem. Phys. 

72, XXXX (1979). 

AJ 10 Measurements of Electric Dipole Polarizabilities 
of Alkali Halide Dimers .* R. KREMENS and B. BEDERSON, New 
York University , and J. STOCKDALE, Oak Ridge National 
Laboratory . —We have initiated a program to study elecr- 
tric polarizabilities of highly polar molecules. In this 
preliminary report we describe measurements of space- 
average dc polarizabilities, a, of several alkali halide 
dimers. These systems lack permanent dipole moments, and 
hence the deflection pattern of a dimer molecular beam in 
an inhomogeneous electric field can be analyzed in terms 
of the polarizability alone. An alkali halide oven is 
heated to obtain optimum dimer concentrations (usually 4- 
8%). The resulting deflection pattern consists of a 
superposition of a monomeric beam profile, and one due to 
the induced dipole (polarizability) force on the dimer. 
The absolute polarizabilities can then be determined by 
normalization, i.e., by comparing the dimer deflection 
profile to those of known systems, such as the alkali 
atoms. Preliminary values are a (CsCl) = 29.2 and 
a (KC1) 2 = 48.4 (±20%), in units of X 3 . 

★Work performed under the auspices of the U.S. Department 
of Energy, Basic Sciences Division. 

AJ 11 Entropy, Availability and Second Law Efficiency 
in Solar Collection Devices . C. ADLER, J. W. BYRD and 
B. L. COULTER, East Carolina University —The represen¬ 
tations of second law efficiency utilizing the avail¬ 
ability and other conceptualizations do not necessarily 
result in equivalent statements. There is also 
variance in the choice of expressions for the entropy 
and the resulting availability. A discussion of various 
derivations of the entropy of a beam of solar radiation 
and the calculation of available work will be presented 
with associated difficulties stressed. The use of the ' 
second law efficiency as a figure of merit for 
evaluating solar energy collection devices will be dis¬ 
cussed with some consideration given to limitations 
that it incurs. 

AJ 12 Power Conversion Of Energy Fluctuations Exceed¬ 
ing Carnot efficiencies . Joseph C Yater, Energy 
Unlimited, Inc. Lincoln, Mass, 01773- —The efficiencies 
for the interacting particle model with spatial grad¬ 
ients in the spectral distribution functions of the 
Reversible Energy Fluctuations (REF) circuits 1 are not 


2 

limited by the second law of thermodynamics . These 
computed efficiencies for given designs can be as high 
100% in the power conversion mode for the REF circuit 
over wide temperature ranges from cryogenic to incan¬ 
descent. For the heat pump mode no input power is re¬ 
quired and, for given operating voltages,power output 
can also be available. REF circuit designs for diodes 
capable of giving useful power output are analyzed. 

1. J.C. Yater, Phys. Rev. A10, 1361 (1974). 

2. J.C. Yater, Phys. Rev. A20, 1614 (1979). 

AJ 13 Graphics Dialog for Introductory Physics j- 
Inclined Plane . D.S.Khatri and E.H.Rogers,Jr., 
University of D.C./MVSC, Wash. D.C. — Most of the 
science courses in general and physics in particular 
are taught by the lecture method. This method of 

teaching has succeeded in providing technical knowledge 
but has failed in providing INSIGHT and INTUITION into 
the physical problems. This lecture method, which 
invariably assumes that every student learns at the 
same rate, is defective as it does not meet the needs 
of a varied spectrum of students. This dilema as 

observed by Jean Piaget, has been widely recognized by 
the academic community. The importance of pictorial 
information in increasing INSIGHT and INTUITION has 
been discussed by Bork* in various articles. Our 
dialog on an inclined plane, in its entirety, is 
written in FORTRAN IV and therefore easily 
transportable to any other educational institution with 
Tektronix 4010 series graphic terminals. 

★Supported by the NSF grant # SER 78-07543 
l"The Physics Computer Development Project" by A.M.Bork 
Dep&t of Physics, Uni.of California, Irvine, 1975. 

AJ 14 

Solar Sustained Cesium Plasmas for Solar Electric 

Conversion . A. Jay Palmer and G. J. Dunning, Hughes 

Research Laboratories. The results of an experimental 
and theoretical study of solar-sustained Cesium plasmas 
for solar-electric conversion and solar-pumped lasers 
are reported. The current theoretical model now 
accounts for photoionization absorption on eight bound- 
free transitions, for absorption by Cesium dimers on 
four ground-to-excited state transitions, for thermal 
convection and thermal conduction in the plasma, and 
for convergence of the input radiation in the plasma. 

For the parameters of the present experiments, the 
model predicts plasma maintenance at a plasma tempera¬ 
ture of 2800°K and predicts the characteristic emission 
and absorption spectra of the plasma. Absorption spec¬ 
tra of sunlight through Cesium vapor at 600°C were 
measured. Experiments carried out with heat pipe ovens 
have revealed some fundamental problems associated 
with interfacing a heat pipe oven with converging radi¬ 
ation fields. Solutions to these problems will be 
reported together with the results of recent attempts 
to ignite the plasma using concentrated sunlight and 
simulated concentrated sunlight from a Xenon arc lamp. 

AJ 15 The Slot Fire with Outside Combustion Air. 

LAWRENCE CRANBERG, Texas Fireframe Co. —The importance 
for thermal efficiency and comfort of providing a 
separate supply of combustion air to a fireplace from 
outside the dwelling has long been recognized and has 
recently been made a requirement for new dwellings by 
HUD. A means is described for providing outside air using 
existing ash-pit ducts which is particularly applicable 
to the Slot Firel, and provides substantial supplementary 
benefits. The effects on overall efficiency of combining 
outside air with the Slot-Fire principle will be discussed. 

1. L. Cranberg, Bull. Am. Phys. Soc., Sept., 1975, 

Series II, Vol. 20, No. 9, Paper DC 12; J. Walker, 
Scientific American, Aug., 1978, pp. 142-146. 

AJ 16 MARKAL, A Multiperiod Linear-Programming Model 
for Energy Systems Analysis Applied to the United States . 

L.G. FISHBONE, D. HILL, and V.L. SAILOR, Brookhaven Nat . 
Lab.* —In a cooperative project to assess new energy 
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technologies, representatives of 15 countries and two 
international organizations have constructed and applied 
an automated, linear-programming model of energy supply 
and demand. The model is called MARKAL. Its most sig¬ 
nificant feature is its ability to handle diverse energy 
systems: user data generates the detailed model struc¬ 
ture. Operating in this project over five-year 
time periods from 1980-2020, MARKAL takes exogenously 
specified energy-demand figures and determines the opti¬ 
mal energy-supply and end-use-device network that can 
meet the demand. Criteria for optimality have included 
total system cost, amount of imported petroleum, and 
total use of nonrenewable energy sources; these criteria 
have been used both separately and in multiobjective 
analyses. The exact nature of an optimal solution de¬ 
pends on the ensemble of technological and economic data 
supplied by a user to characterize the existing and 
prospective energy technologies of his country. We 
describe here results for the llnited States. 

★Research carried out under the auspices of the US 
Department of Energy under Contract No. EY-C-02-0016. 


AJ 17 Science and Society Test VI: Energy Economics . 
D. W. HAFEMEISTER, California Polytechnic State Univer ¬ 
sity, San Luis Obispo . --Simple formalisms are develop¬ 
ed in order to quantify a variety of energy economics 
issues. The Verhulst equation which considers the 
effect of finite resources is modified to take into 
account supply/demand economics. Several differential 
equations which can describe the production and con¬ 
sumption of natural resources are considered. Numeri¬ 
cal and analytical solutions are presented in terms 
of supply and demand elasticity functions, various 
finite resources, and the rate of increase in fuel 
costs. The indirect cost/barrel of imported oil from 
OPEC is shown to be about the same as the direct cost. 
These indirect effects, as well as those of deregula¬ 
tion are used to modify the payback periods for various 
energy conserving devices. The phenomenological model 
for market penetration is considered along with the 
factors for future energy growth rates. The gross 
effects of voltage control and time of day pricing on 
utility load management practices are considered. 


I SESSION AK: SHOCK COMPRESSION OF SOLIDS I 

Monday morning, 28 April 1980; Executive Room, Shoreham-Americana Hotel at 9:00 A.M.; J.W. Forbes, presiding 


Invited Paper 


AK 1 Shock-Induced Electrical and Chemical Activity in Polymers and Other Materials.* 

R.A. GRAHAM, Sandia Labs. (30 min.) 

Recent studies of electrical effects in shock-loaded polymeric solids have demonstrated that 
shock-induced conduction and shock-induced polarization can be correlated to each other and to 
the complexity of the monomer repeat unite These shock-induced electrical effects appear to be 
anomalous in terms of processes in thermodynamic equilibrium. The observed correlations and 
existence of such anomalous effects can be explained with a model in which mechanically-induced 
bond scission produces radicals which subsequently undergo relative displacements within the 
stress and velocity gradients of the shock front. Electron spin resonance measurements on 
poly(methyl methacrylate) samples shock loaded and preserved for subsequent study have provided 
direct evidence for the formation of such radicals. The proposed model for electrical activity 
in shock-loaded polymers is essentially chemical in character and has drawn attention to the 
very large Soviet effort in shock-induced solid state chemistry which has revealed widespread 
evidence for unique chemical effects in shock-loaded solids. The Soviet work has been carried 
out in solid and liquid materials of both organic and inorganic nature and relies principally 
on chemical examination of samples recovered after shock loading. The unique chemical reac¬ 
tions observed are thought to be the result of shock-induced defect formation, subsequent dis¬ 
placement of these defects, and atomic or molecular migration in a highly defective state. 

The recent electrical work on polymers and the Soviet solid state chemistry work provide fur¬ 
ther support for the "catastropic shock" concept rather than the "benign shock" concept as the 
appropriate description for the state of shock-loaded solids. The catastropic shock concept 
appears to offer the appropriate framework for explanation of many of the outstanding anomalies 
of shock-wave physics. 


*Supported by US DOE Contract DE-AC04-76-DP00789. 
Contributed Papers 

AK 2 Reaction Mechanisms Involving Bond Rupture 
at High Compressions , R. D. BARDO, Naval Surface 
Weapons Center— Two reaction mechanisms are presented 
which involve the rupture of bonds at high compression. 
Both mechanisms are considered from the standpoint of 
the interactions of diatomic molecules which approxi¬ 
mate compressed states of shocked explosives. One 
mechanism pertains to the compressional depression of 
excited electronic states which leads to a lower bond 
dissociation energy of NO, but which has very little 
effect on the dissociation energy of CO. Here, 
symmetry selection rules are employed which specify 
the most probable electronic states of the product 
species NON, N 2 » 0 2 , N, and 0. The other mechanism 
involves the relatively small displacement of a given 
atom of NO, and its reaction with a nearby NO molecule, 
where both molecules are in their ground electronic 
states. 

AK 3 Shock Initiation of Bare- and Covered- PBX-9404 
Charges by Projectile Impact. K. L. BAHL, R. 6. COUCH, 

H. C. VANTINE, R. C. WEINGART, Lawrence Livermore 


Laboratory* —We determined the shock initiation threshold 
of bare- and covered- PBX-9404 explosive. The shocks are 
produced by the impact of steel projectiles in the velocity 
range of 0.5-2.0 km/s. Impacts in the 0.5-2.0 km/s range 
are being studied with a combination of experimental and 
calculational techniques. The calculations are performed 
with a 2-dimensional hydrodynamic code which has a strength 
of materials model and an explosive intiation model. The 
agreement between calculation and experiment is very good. 

★Supported by Contract MIPR W31 RPD-93-Z 629. 


AK 4 Shock Initiation of TATB by Short-Duration Pulses, 

R. S. LEE,* C..A."U0N0D£L and R. C. WCTnGAKT, Lawrence 

Livermore Laboratory .**—We have determined the shock 
initiation threshold for a number of TATB compositions and 
densities, using input pressure pulses with pressures in 
the range 4 to 55 GPa with durations ranging from 
8-500 ns. The pressure pulses were produced by the impact 
of thin plastic flyer plates accelerated to velocities in 
the range 1-8 km/s by electrically-exploded metal foils. 

At high pressures and short pulse lengths we observed a 
constant P 2 x relationship between initiating pressure and 
pulse duration. The value of P 2 t varied from 5.8-23 GPa ys 
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for the compositions tested. At lower pressures the 
constant P 2 t relationship failed to hold. 

* Department of Physics, Kansas State University, 
Manhattan, Kansas, 66502. 

♦♦Supported by U.S.D.O.E. Contract W-7405-ENG-48. 

AK 5 Stress and Particle Velocity Mesurements on 
Detonating TATB . W. D. CURTIS,* L. M. ERICKSON, R. S. Ld 
and H. C. VANTINE. Lawrence Livermore Laboratory .**—We 
have measured stress and particle velocity along particle 
paths in detonating TATB. Measurements were made using 
embedded manganin stress gauges and electromagnetic 
velocity gauges. The experimental configuration and 
experimental difficulties are discussed. Lagrange analys 
is used to estimate the detonation pressure and to check 
the agreement between the stress and particle velocity 
records. 

* Department of Physics, Kansas State University, Manhatt 
Kansas, 66502 

♦♦Supported by U.S.D.O.E. Contract W-7405-ENG-48. 


AK 6 Time Response of Electromagnetic Velocity Gauqes. 
L. M. ERICKSON, R. S. LEE,* N. L. PARKER, H. C. VANTINE a 
R. C. WEINGART, Lawrence Livermore Laboratory .**--We have 
observed a longer risetime in signals from electromagnetic 
velocity (EMV) gauges than would be expected from the 
electrical response of the measuring circuit. This may be 
due to a number of factors including magnetic diffusion 
time through the gauge, finite shock transit time through 
the gauge and flyer tilt. We have made simultaneous flow 
velocity measurement using an EMV gauge and a Fabry-Perot 
laser velocity meter. The experimental results and the 
relative importance of the various contributions to the 
risetime will be discussed. 

* Department of Physics, Kansas State University, Manhattan 
Kansas, 66502 

♦♦Supported by U.S.D.O.E. Contract W-7405-ENG-48. 

AK 7 Hystersis-corrected Calibration of Manganin Under 
Shock Loading . H. C. VANTINE, L. M. ERICKSON, and J. A. 
JANZEN,* Lawrence Livermore Laboratory .**—The coefficierl 
of electrical resistance of manganin was measured under 
shock loading and ramp unloading. We made 64 measurement 
of loading stress in the 1.3-40.5 GPa range and 22 
measurements of unloading stress in the 1.9-23.2 GPA 
range. The average loading coefficient was 14% larger th 
the average unloading coefficient - a clear measure of 
resistance hystersis. The source of the hysteresis is 
attributed to an irreversible resistance change in mangan 
caused by shock damage. We present techniques to correct 
for the effects of this irreversible resistance change. 

With this correction, both loading and unloading 
calibrations showed the same average coefficients of 
resistance 0.0221+0.004 per GPa. Our unified calibration 
procedure can be very useful for anlyzing complex stress 
signals that are produced, for example, by reactive shock 
waves. 

* U.S.A.F. Military 

♦♦Supported by U.S.D.O.E. Contract W-7405-ENG-48. 


AK 8 Digital Ionization Pin Recorder 0 JOHN 0. ERKMAN, 
HARRY CLEAVER arid NICHOLAS C. VOGEL, Naval Surface 
Weapons Cente r, LOU ROSENTHAL, Rutgers Univ.—When study¬ 
ing evolving events, such as the Deflagration to Detona¬ 
tion Transition in Explosives, ionization pins may not be 
activated in the order of their locations 0 Also, those 
near the igniter will not be shorted as are those which 
are exposed to detonating explosive,, The Digital Ioniza¬ 
tion Pin Recorder records in an unequivocal manner the 
order in which the pins become activated,, The circuit is 
similar to that reported by Kumar and DuttaJ The 
recorder also gives the times between the activation of 
pins in digital form a The recorder is easier to use than 
is the usual raster oscilloscope and can be used in an 
experiment where ionization varies from that produced by 
burning to that produced by detonation D 

^Sujit R 0 Kumar and G. Dutta, Electronic Design, 20, 

120 (1974) 


AK 9 ffynajmic Compaction of Inert Porous Beds .* 

H. W. SANDUSKY, R. R. BERNECKER, and A. R. CLAIRMONT, 
Naval Surface Weapons Center —Extensive dynamic compac¬ 
tion has been observed in burning to detonation transi¬ 
tion studies of porous beds of high energy propellants 
and explosives. The objective of the present work was 
to clarify the compaction processes involved by studying 
dynamic compaction of inert porous beds using a gas gen¬ 
erating (B/KNO^) ignitor. A crystalline organic mate¬ 
rial, melamine with an average particle size (6) of 
58 pm, was used in packing beds with porosities of 20, 

30, and kO%. A polymeric material. Teflon 7C with 6 of 
30 pm, was used in packing beds with kO% porosity. To 
outline the effect of gas flow into the porous bed on the 
compaction process, a thin metal disk was placed between 
the ignitor and porous bed in a few experiments. Eynamic 
compaction was observed using high-speed photography, 
flash radiography, and pressure gages. 

Compaction fronts propagated the full length of the 
porous beds (>_ 150 mm) with velocities up to 0.l6 mm/ps 
and particle velocities up to 0.04l mm/ps. Observed max¬ 
imum pressure levels were about 20 MPa. In Teflon radial 
as well as axial compaction was observed. The density 
profiles in melamine and Teflon will be compared. 

*Submitted by R. R. BERNECKER 

AK 10 Aspects of the Equation of State for Ideal and 
_Nonideal Explosives . Selma GoldstPin J 1^ flbmnc < cien _ 
tific Laboratory.—The aquarium test provides a means of 
photographing, for a detonating explosive, both the shock 
front in water and the interface between the shocked water 
and the expanding detonation product gases. The detona¬ 
tion velocity, shock speed in water, and particle velocity 
can be measured. By using this technique, we have tested 
several explosive compositions, ranging from the ideal 
(instantaneous energy release) to the nonideal (extended 
time for chemical reaction). We will compare the results 
and discuss their implications for the equations of state 
that can be used to describe these materials. 


AK 11 Electrical Breakdown and Spark Initiation Studies 
of Secondary Explosives . J. W. FORBES. Naval 
Weapons Center— Breakdown voltages for a few secondary 
explosives and the spark energy required to initiate 
burning in cast HBX—1 explosive have been measured. 

The breakdown voltages for cast HBX-1, cast Comp B, 
and pressed TATB were 205 ± 28 V/mm, 5,100 ± 210 V/mm, 
and 5,750 ± 445 V/mm, respectively. The most significant 
result was that a 12 mm long single channel spark with 
total energy of about 200 J initiated rapid burning of 
cast HBX-1.. Peak currents of 14-15 kA were measured in 
these experiments, and total energy was deposited in 
about 20 ysec. 


AK 12 Microwave Permittivity Measurements for 
Secondary High Explosives . G. L. Hammond, NAVSWC , 
Silver Spring, MD . - - To design properly some 
rapid microwave heating experiments in a thermal 
explosion initiation study, data for both dielectric 
constant and loss factor were obtained in the 1 to 3 
GHz band for several pure and composite high explosives. 
The measurement technique will be discussed, and the 
data will be presented and analyzed in terms of heatinq 
rates. 

AK 13 Experimental Observations of Spontaneously Trig- 
gered Thermal Explosions* D.E. MITCHELL, Sandia Labora¬ 
tories, Albuquerque, NM**—Propagating thermal inter¬ 
actions have been observed by Fry and Robinson^and Hall, 
et.al.2 in mixtures of molten aluminum/water and tin/ 
water. The interactions, usually externally triggered, 
were observed to propagate at rates between 35 and 
400 m/s. The quantity of molten metal available for 
interaction was estimated from melt flow rates. As part 
of an LWR Safety Study, we have developed experimental 
methods which allow for the observation of the quan¬ 
tities of reactants initially available for interaction 
and have conducted experiments with 1 to 5 kg quan- 
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tities of molten materials near 2000K. Experiments in 
which the melt quantity was greater than 4 kg resulted 
in spontaneous explosions. In every case the point of 
initiation was located at the base of the melt. 
Propagating interactions were observed in some experi¬ 
ments with average velocities of 410 m/s. 

* Submitted by J. R. Asay 

** Supported by the US Nuclear Regulatory Commission 

1. C. J. Fry and C. H. Robinson, Fourth CSNI Specialist 
Meeting on Fuel Coolant Interaction in Nuclear Reactor 
Safety, Bournemouth, U.K., April 1979. 

2. R. W. Hall, et.al., ibid 

AK 14 Steam Explosion Studies with Single Drops 
of Molten Refractory Materials . x TT. S~. NKC5TOT7 
Sandia Laboratories Albuquerque, NM 87185 -- 

Laser heating, levitation melting, and metal com¬ 
bustion were used to prepare single drops of 
several molten refractory materials at temper¬ 
atures in the range 1500-4000K. These drops were 
injected into water and subjected to pressure 
transients generated by submerged exploding wires. 
Molten oxides of Fe, A1 and Zr but not molten me¬ 
tallic Fe could be induced to explode with explod¬ 
ing wire initiation. The metallic Fe generated 
bubbles of a noncondensing gas, presumably H 2 
formed by a redox reaction with water; the 
cushioning gas prevented explosive action. At 
temperatures above 3000K, molten Zr oxide gener¬ 
ated similar bubbles, but now with O 2 added due to 
thermal dissociation of the water. The drop ex¬ 
plosions generated pressure transients several MPa 
high and produced bubbles typical of underwater 
explosions. Melt enthalpy-to-work conversions may 
be determined by studying the dynamics of bubble 
growth as a single molten drop undergoes a steam 
explosion. *Supported by the U. S. Nuclear Regu¬ 
latory Commission. **A U.S. Department of Energy 
facility. 


I SESSION AL: QUANTUM LIQUIDS- 3 He, 4 He, AND MIXTURES 
Monday morning, 28 April 1980 

Alexandria Room, Sheraton Washington Hotel at 9:00 A.M. 

D.D. Osheroff, presiding 

AL 1 Superfluid 3 He: the Phase Diagram and Sus- 
ceptibility of the A and B Phases .* J. D. FEDER 1 , D. 0. 
EDWARDS, W. J. GULLY*, K. A. MUETHING 3 , and H. N. SCH0LZ, 
The Ohio State Univ . -- The transition temperatures, 

T c and Tab* and the susceptibility, x> were measured 
in 3 He at temperatures down to 0.5mK, pressures to 21 
bars and magnetic fields up to 4.4kG. The temperature 
scale was determined using Pt NMR for primary, and 
LCMN for secondary thermometry. The normal to A-phase 
transition temperature T c was deduced from the change 
in the warming or cooling rate. The susceptibility 
was measured using cw NMR, and the A-B transition was 
found from the drop in x at Tab- The dat a give the 
differences in Gibbs potential, entropy and molar 
volume between the A and B phases in zero magnetic 
field. Near T c , the spin fluctuation theory of 
Brinkman, Serene and Anderson gives an excellent one- 
parameter fit to the difference in Gibbs potential at 
all pressures. 

^Supported by NSF Grant DMR 75-19546. 

123 

5 ’ Present addresses: ^BM, Yorktown Hts., 2 Univ. of 
Mass., 3 Western Electric, Princeton, N. J. 

AL 2 Magnetic Deficit in 3 He-B . P. W. ALEXANDER, E.B. 
FLINT*, G. G. IHASt and G. SPENCER, U. of Floridaf — So 
far, measurements^-* 2 of the NMR absorption frequency a) anc 
integrated absorption M on superfluid ^He-B confined to a 
slab have agreed with Ginzburg-Landau type calculations oi 
an £=1 BCS system with Fermi-liquid corrections. We have 
made CW-NMR measurements on a 135 ym-thick slab of ^He-B 
in which no bulk liquid was seen by the rf pick-up coil. 
These data were taken in a magnetic field H = 27.6 mT, 
temperature range (1 - T/T c ) £ 0.25, and at polycritical 
and saturated vapor pressures. Measurements of u) with 
H || a and H J_ a = slab surface normal show that there is 


no bending of the n vector, as expected-*-. However, M(T,P) 
do | s de pend on the orientation of H, with M(t || a) > 

M(H d) at all temperatures and both pressures and the 
inequality becoming greater at lower temperatures. 

*Present Address: IBM Labs, Yorktown Heights, N.Y. 

■'"Alfred P. Sloan Foundation Fellow 
-{•Supported by Research Corporation and NSF. 

ID. D. Osheroff, Phys. Rev. Lett. 33_, 1009 (1974). 

2 A. I. Ahonen, M. Krusius, and M. A. Paalanen, J. Low Temp. 
Phys. 25, 421 (1976). 

o * 

AL 3 New High Frequency Acoustic Observations in °He-B . 
D.B. Mast, B.K. Sarma, J. Owers-Bradley, I.D. Calder, J.B. 
Ketterson, and W.P. Halperin. Northwestern U. — We have 
studied the velocity and attenuation of ultrasound at fre¬ 
quencies approaching 2A(0) in superfluid 3 He-B. Measure¬ 
ments were performed near 14 bar up to 133 MHz. A new 
resonance in both attenuation and velocity was observed at 
1.15A(T) where A(T) is the weak coupling gap. Consequently 
this does not correspond to the predicted spin-squashing 
mode at / y /s A(T). At 84.8 MHz the peaks appeared at 
T/T c = 0.553 and at 60.6 MHz at T/T c = 0.846. The velocity 
decreased by as much as 30% at resonance! This is much 
larger than the first sound-zero sound velocity difference 
and indicates that there exists conditions for self-induced 
transparency similar to those discussed by McCall and 
Hahn(-*). Application of a 0.15 T magnetic field did not 
significantly alter these results. 

*Research supported by the Research Corporation and the NSF 
tAlfred P. Sloan Fellow. 

(Os.L. McCall and E.L. Hahn, Phys. Rev. 183 , 457 (1969) 

AL 4 Analysis of Zero-Sound Attenuation Data for 3 He-A 
in High Magnetic Fields . D.R. Pape, D.T. Lawson * Duke 
U.**--The available high field experimental data* have 
been analyzed in terms of a theoretical model that in¬ 
cludes quasiparticle collisions, 2 incorporates the split¬ 
ting of the A transition, and considers a range of differ¬ 
ent ^He-A textures. Discrepancies between theory and 
experiment are presented. 

*Present Address: Research Triangle Institute, Research 
Triangle Park, N.C. 

**Supported by NSF Grant DMR77-11686 and by Research Cor- 
oration. 

D.T. Lawson, H.M. Bozler, and D.M.Lee, Phys. Rev. Lett. 

34, 121 (1975); and unpublished. 

^P. Wolfle and V.E. Koch, J. Low Temp. Phys. 30^, 61 
(1978); and private communication. 

AL 5 Shear viscosity of the B Phase. gf-Simerfluid 3 He. 
Y.A. ONO,* University of Illinois at Urbana-Champaign and 
Case Institute of Technology, CWRU ,t J. HARA and K. NAGAI, 
Yamaguchi University , and K. KAWAMURA, Hiroshima University 
— The shear viscosity n(T) of the Balian-Werthamer state 
(B Phase) of superfluid 3 He is calculated variationally 
throughout the whole temperature region 0<t<l (t=T/T c ) 
from the transport equation for Bogoliubov-Valatin quasi¬ 
particles. Coherence factors are treated exactly in the 
calculation of the collision integral. Measured Landau 
parameters at 21 bar are used to calculate q(T) in the 
S-P-D-wave approximation. The numerical result for 

= ri(T)/n n (T c ) agrees very well with recent measurements 
done at Cornell. There are considerable differences in 
the values of ?f in S-wave, S-P-wave, and S-P-D-wave 
approximations, indicating that we need informations of 
higher order Landau parameters for understanding transport 
phenomena in the superfluid phase as well as in the normal 
phase of 3 He. 

*Supported in part by the Nishina Memorial Foundation and 
by NSF-DMR76-24011 and NSF-DMR78-22461. 
tPresent address. 

AL 6 Specific Heat of Liquid ^He at Millidegree Tern- 
peraturesT E.K. ZEISE, A. AHONEN, C.N. ARCHIE*, J.S. 
DENKER, and R.C. RICHARDSON, Cornell U .*—We have mea¬ 
sured the specific heat of liquid 3He in the normal and 
superfluid B phases between 0.8 and 15 mK and at pres¬ 
sures between 0 and 20 bar using a weakly coupled spher¬ 
ical torsional oscillator as both a calorimeter and a 
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precision secondary thermometer calibrated against the 
susceptibility of Lanthanum diluted Cerium Magnesium 
Nitrate. 

We discuss these measurements and interpret some 
systematic differences between these and previous mea¬ 
surements! > 2. 

+ Present Address: Dept. Phys.,SUNY-Stony Brook, Stony 
Brook, NY 11794. 

* Supported by the NSF through Grant //DMR-78-02655 and 
indirectly through Grant //DMR-76-81083A02 to the Cor¬ 
nell Materials Science Center. 

! Alvesalo, Haavasoja, Main, Manninen, Ray and Reyn, 

Phys. Rev. Lett. 43, 1509 (1979). 

2 Webb, Greytak, Johnson, and Wheatley, Phys. Rev. Lett. 
30, 210 (1973). 

AL 7 Zero Sound and the Viscoelasticity of Liquid 
5 He .* ISADORE RUDNICK, University of California, Los 
Angeles .--Simple acoustic dispersion and attenuation 
relations which apply for all values of oot<< 1 are ob¬ 
tained for liquid ^He. They are found to agree ex¬ 
tremely well with published results on longitudinal 
zero sound. A unique feature of a zero sound exper¬ 
iment is that it yields all the information necessary 
to obtain the non-magnetic and non-heat conductive 
parameters of the normal ^He as T-K). 

*Supported by ONR Contract N00014-75-C-0246 and NSF 
Contract DMR 76-22306. 

AL 8 The Vapor Pressure of He 3 At High Magnetic Fields . 
J. BROOKS, G.O. ZIMMERMAN, Boston U . and R.H. MESERVEYt 
and P.M. TEDR0W,t M,l.T ., F. Bitter National Magnet 
Laboratory !—Preliminary measurements of the vapor pres¬ 
sure of He 3 in magnetic fields of up to 18T at a 
temperature of 1.2K indicate that the vapor pressure 
change has an approxiamtely linear dependence on H and 
is 0.3 ± .09 Pa/T. This value is in line with one of the 
theoretical predictions 1 and is too large to be accounted 
for by the diamagnetic contribution of He 3 . Further re¬ 
sults will be presented and discussed, 

^Supported by the National Science Foundation. 

IC. Lhuillier and F. Laloe, J. Phys. (Paris), 40 , 

439, (1979). 

AL 9 A Technique for Surface Ion Mobility Measure¬ 
ments . * JOE THEOBALD and GARY A. WILLIAMS^, Univ.~ 
of California, Los Angeles .-- A technique has been 
developed for measuring the mobility of ions at the 
surface of liquid helium. The method uses a capaci¬ 
tance-conductance bridge to measure the surface con¬ 
ductance of the charge layer. The system has been 
used to determine mobilities ranging between 10 -1 to 
10 7 cm 2 /V-sec. Preliminary results for ions just 
under the liquid surface will be presented. 

*Work supported by the NSF, Contract DMR 78-17049. 
fAlfred P. Sloan Research Fellow. 

AL 10 Reflectivity for 4 He Atoms at Glancing Incid¬ 
ence ta the Surface of Liquid 4 He.~ V. U. NAYAK, and 
D. 0. EDWARDS, Ohio State U.* --Measurements will be 
presented for the elastic scattering probability 
(reflectivity) for 4 He atoms at glancing incidence 
to the surface of liquid 4 He. The reflectivity R(k,e) 
is measured with the surface at low temperature 
(T<0.04K) as a function of the momentum fik and the 
angle of incidence e of the incoming atom. The 
experiments are being carried out at glancing incid¬ 
ence (e near 90°) in order to test the inference 
from earlier workHhat R(k,e)+1 as kcose->0. The 
apparatus is similar to that used previously 2 but 
it has greater angular resolution. Preliminary 
data agree with earlier measurements at e=70°and 
confirm that R(k,e) increases at larger values of e. 

*Supported by NSF grant DMR 79-01073. 

I D. 0. Edwards and W. F. Saam, Prog. Low Temperature 
Phys. Vol. 7A (ed, by D. F. Brewer) (North Holland, 
Amsterdam, 1978), p. 283. 

2 D. 0. Edwards, et.al. , Phys. Rev. Lett. 34,1153 (1975) 


AL 11 Structure Factor Measurements in He in the 
Vicinity of the Lambda Line* . D.A. Ewen. P.D. Lepell 
and R.B. Hallock, T Jniv 0 of Mass ., Amherst and H.N. 

Robkoff, Mt, Holyoke College - X-ray scattering techniques 
have been used to determine the static structure factor, 
S(k), of 4 He in the vicinity of the A-line at constant 
density. The results show a clear loss of spatial order 
on cooling from T > T^. Studies at different density 
reveal! that the onset of this loss of spatial order on 
cooling is closely associated with T^. Results of 
experiments presently underway will be presented. The 
theory of Cummings et.alo 2 allows a determination of the 
condensate fraction from the data. The suitability of 
the Cummings theory will be discussed as will other 
points of view.^ 


Supported by the National Science Foundation through 
DMR 79-09248 

!h.N. Robkoff, DoAo Ewen and R.B 0 Hallock, Phys. Rev 0 
Letters 4_3, 2006 (1979) 

^F.W. Cummings, GoJ. Hyland and G. Rowlands, Phys. 
Kondens. Materie 12 , 90 (1970) 

3c. deMichelis, G.L. Masserini and L. Reatto, Phys. 
Lett. 66A, 484 (1978 )o 


AL 12 Scattering of Ripplons by 3 He on the Surface of 
Superf1uid 4 He. I.B. MANTZ, D.0. EDWARDS, and V.U. 

NAYAK, Ohio State Univ.* --A gradient in the concen- 
tration of adsorbed 3 He, produced by a current of rip¬ 
plons, has been observed in heat conduction measurements 
on the surface of superfluid 4 He. The experiments were 
made on a saturated film, 100A thick, and at T<0,3K, so 
that conduction by phonons and evaporation are neglig¬ 
ible. The heat is carried by a hydrodynamic flow of 
ripplons on the surface, and the thermal conductivity 
is reduced by the addition of adsorbed 3 He. The 3 He 
spreading pressure, and the 3 He-ripplon collision 
rate have been determined from the data. The collision 
rate agrees well with a theoretical calculation by 
Saam. 1 

*Supported by U.S. National Science Foundation grant 
DMR 79-01073. 

1 W.F. Saam, private communication (1979). 

AL 13 Relaxation times in liquid He 3 -He 4 mixtures .* 

R.P. BEHRINGER, Wesleyan U ., G. RUPPEINER and H. MEYER, 
Duke U. —We report measurements of relaxation times t(VX) 
and t(VT) characterizing the establishment (or decay) of 
the concentration gradient VX and the temperature gradi¬ 
ent VT in several He 3 -He 4 mixtures, as caused by a ver¬ 
tical heat flux that is switched on (or off). These 
times represent the diffusive modes that are predicted by 
solving the differential hydrodynamic equations. When 
the modes are strongly coupled, i.e. when the thermal 
diffusion ratio k T is large enough, t(VT)*t(VX). This 
situation is realized in the superfluid phase and up to a 
temperature slightly above T^(X). Above that temperature 
the modes become uncoupled. A complete solution for the 
problem, including the boundary conditions has been 
obtained. Using the transport properties determined in 
other experiments, we have calculated t(VX) and x(VT) for 
mixtures near the tricritical point and found reasonable 
agreement with our measurements. Near T^ we have deduced 
absolute values for the diffusion coefficient, D. 


*Work supported by a grant from the National Science 
Foundation. 


3 4 

AL 14 Ultrasonic propagation in He -He mixtures near 
the 1 iquid-vapor critical pointt T. D0LR0N',' D. GESTRICH 
and H. MEYER, Duke U.— We present results on the criti¬ 
cal sound attenuation and the dispersion of two He3-He^ 
mixtures at frequencies of 1, 3, and 5 MHz taken along 
the critical isochore. The He3 concentration was respec¬ 
tively X3=Q.$0 and 0.45. Furthermore, control measure¬ 
ments were made for pure He3 and He 4 and these were 
found to agree with previous published results. 1 The 
singular part of the attenuation and the dispersion in 
the mixtures were found to be equal to those in the pure 
fluids within experimental error. The results are dis¬ 
cussed in terms of the singular contributions from the 
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entropy and the concentration fluctuations, which depend 
on the critical transport coefficients in the mixtures. 


i*Work supported by a grant from the National Science 
Foundation. 

*Present address: National Bureau of Standards, 
Gaithersburg, Maryland 

iD.B. Roe and H. Meyer, J. Low Temp. Phys. 30, 91 0978). 

-a k 

AL 15 Third Sound in He - He Mixtures* , F.M. Ellis, 
J„S. Brooks 1 * and R.B„ Hallock, Univ. of Mass., Amherst - 
We report measurements of the velocity of third sound as 
a function of temperature, film thickness and concentra¬ 
tion for unsaturated ^He - %e mixture films at tempera¬ 
tures, T > 0»3K and concentrations, x < 60%. Simul¬ 
taneous measurements of the vapor pressure in the 
apparatus, ordinary sound in the vapor and the film thick¬ 
ness hy means of a capacitor allow a complete character¬ 
ization of the experimental conditions„ At all tempera¬ 
tures and concentrations studied addition of ^He lowers 
the third sound velocity» Phase separation appears to 
"be suppressed in unsaturated films - we find no evidence 
for it at concentrations up to 50 % in a film whose ^He 


content is equivalent to 5.8 layers. 

'*Supported hy the National Science Foundation through 
DMR 79-092L8 

^Present address. Dept, of Physics, Boston University, 
Boston, Mass. 

AL 16 The Heat Capacity of 3 He in 4 He Films.* 

M.J. DIPIRRO** and F.M. GASPARINI, SUNY at Buffalo. - 
The heat capacity of 3 He in unsaturated 4 He films has 
been measured in the temperature range from 40 mK to 
350 mK. Analysis of the data shows that 3 He is less 
bound to the free surface of 4 He films than to the bulk 
4 He surface . 1 For the thinnest films studied, the 
binding to the surface is strongly dependent on 3 He 
surface coverage and implies an attractive, effective 
interaction among the surface 3 He. This contrasts with 
the bulk surface results which showed a slightly re¬ 
pulsive interaction . 1 In the case of thin 4 He films, 
analysis indicates that the 3 He dissolved in the 4 He 
also behaves as a two dimensional system. 

^supported by the National Science Foundation 
**now at National Bureau of Standards, Wash., D.C. 20234 
^.O. Edwards and W.F. Saam in Progress in Low Tempera¬ 
ture Physics , Vol. VIIA (North Holland, N.Y., 1978). 


I SESSION BA: SYMPOSIUM OF THE COMMITTEE ON THE APPLICATIONS OF PHYSICS: GEOLOGIC ISOLATION OF NUCLEAR WASTE: 
TECHNICAL STATUS OF ALTERNATIVES 

Monday afternoon, 28 April 1980; Empire Room, Shoreham-Americana Hotel at 2:00 P.M.; Charles Hebei, presiding 


BA 1 Geologic Isolation: Confinement in Transport to the Biosphere. F. DONATH, University of Illinois. (45 min.) 

BA 2 Geologic Isolation: Field Investigation at Strepa, Sweden. P. WITHERSPOON, Lawrence Berkeley Laboratory. (30 min.) 

BA 3 Materials Science of Solid-Phase Immobilization of Radioactive Waste and its Impact on National Policies. 

R. ROY, Pennsylvania State University. (30 min.) 

Recent advances in increasing the thermodynamic stability of the solid radio-phases which incor¬ 
porate the hazardous ions in nuclear waste lead to a major change in strategy for managing such 
wastes. Much more of the technical system's reliance can now be put on the SPI package - the 
performance of which can be verified in the laboratory - and correspondingly less on the isolat¬ 
ion system (geological, seabed or space). Evidence from mineralogical studies guide the 
materials scientist to select those phases which have demonstrated either their thermodynamic 
stability or kinetic survival for hundreds of millions of years in newar surface terrestrial 
ambients. Over the last few years McCarthy and the author have demonstrated the capacity to 
incorporate all the fission product ions at up to 50% concentration in various polycrystalline 
ceramic materials of sets of about six phases such as fluorite, pollucite, monozite, apatite, 
perovskite, etc. Such ceramics have also been over-coated with carbon and AI 2 O 3 . Realistic 
simulation of repository conditions with temperatures and pressure provide a means of experi¬ 
mental verification of the effects of very long (geological?) times. Extensive data on the 
relative stability of spent fuel, glass, ceramics and coated ceramics in contact with salt, 
shale, basalt, etc. will show that with coated ceramics one has attained a near-zero release 
form. For very low concentration wastes (such as defense wastes) the use of low temperature 
and much simpler processes rely basically on incorporation of the wastes in radio phases which 
are e ncapsulated on a microstructure level in other inert phases such as Ti02» SiO 2 » AI 2 O 3 , 
metallic copper, etc. The role of, and recent advances in the container and overpack components 
of the subsystem will be reviewed. 

BA 4 Waste Forms: Methods of Predicting Long-Term Performance of Glasses and Other Alternatives. 

L. HENCH, University of Florida. (30 min.) 

Two experimental models are described for predicting long term performance of nuclear waste 
forms. Both are based on surface reaction kinetics. For glasses, the effect of the geometric 
storage parameter of surface area to solution volume (SA/V) on changeover from diffusion 
controlled ion-exchange kinetics to network dissolution kinetics is used to compare vitrified 
forms under consideration in the U.S. and Europe. For partially crystalline, polycrystalline, 
or non-crystalline solids that do not exhibit a change to linear kinetics, the thickness of ion 
depleted surface zones is used to predict long term performance. A wide range of natural analog 
materials of recent, medieval, archaeological, or geologic origin exposed to burial are used 
to establish boundary values for the models. Various components of the waste storage system, 
such as host rock-waste form interactions and passivation by overpacks, are evaluated using 
these models as well. 

■ SESSION BB: SYMPOSIUM OF THE DIVISION OF PARTICLES AND FIELDS: ELEMENTARY PARTICLE PHYSICS-NEW EXPERIMENTAL 
RESULTS II 

Monday afternoon, 28 April 1980; Regency Room, Shoreham Americana Hotel at 2:00 P.M.; A. Wattenberg, presiding 

BB 1 Direct Production of High Transverse Momentum Single Photons in Proton-Proton Collisions. 

R. PALMER, Brookhaven National Laboratory. (45 min.) 
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BB 2 Study of Di-Quark Fragmentation at the ISR. A. KERNAN, University of California at Riverside. (25 min.) 


BB 3 High Energy Neutrino Interactions in Deuterium. T. KAFKA, Stony Brook /SUNY. (40 min.) 
BB 4 Pi-Mu Atoms. G.B. THOMPSON, University of Wisconsin. (40 min.) 


I SESSION BC: SYMPOSIUM OF THE DIVISION OF ELECTRON AND ATOMIC PHYSICS: NEW FRONTIERS ON THE INTERSECTION 
OF ATOMIC AND NUCLEAR PHYSICS 

Monday afternoon, 28 April 1980; Palladium Room, Shoreham-Americana Hotel at 2:00 P.M.; H.H. Stroke, presiding 

BC 1 What Is High-Resolution Atomic Spectroscopy Revealing about Nuclear Structure? 

O. REDl, New York University. (30 min.) 

High resolution atomic spectroscopy has served as an important tool for the study of nuclear 
structure since its beginning: Optical, radiofrequency, and level-crossing methods have yielded 
significant data on nuclear spins, electric and magnetic multipole moments and their distri¬ 
butions via isotope shift and hyperfine structure determinations in atomic spectra. 1 Recently, 
optical methods have, through innovations in instrumentation such as lasers, digital signal 
processing, and isotope separators, augmented considerably the possibilities for such studies 
by allowing, for example, measurements of very short-lived or rare species, 2 including fission 
isomers, 3 The present state of knowledge of the variation of nuclear mean square charge radii 
with neutron number, as determined from atomic isotope and isomer shift measurements, and the 
contribution that these data have made or are expected to make to nuclear structure theory will 
be discussed. Nuclear magnetization data will also be considered briefly. Mass-dependent 
(many-electron) effects in the atomic spectrum limit the accuracy of extraction of the nuclear 
charge structure information, particularly in light and medium mass-number nuclei. Even with 
mu-mesic isotope shift data these effects still constitute an open problem. Our own work has 
been with heavy atoms and the discussion will specialize to nuclei near the doubly-closed-shell 
208 Pb. Particular attention will be given to the behavior of the charge distribution near shell 
closure, as well as to the isomer and isotone shifts. 

*Work supported by NSF Grant PHY-7909173 

1 H. Kopfermann, Nuclear Moments (Academic, New York, 1958); Francis Bitter : Selected Papers , 
edited by T. Erber and C.M. Fowler (M.I.T. Press, Cambridge, 19^9)• 

2 P. Jacquinot and r . Klapisch, Rep. Progr. Phys. J+2, 773 (1979); H.-J. Kluge in Progress in 
Atomic Spectroscopy , edited by W. Hanle and H. Kleinpoppen (Plenum, New York, 1979) p.727, 

K. Heilig and A. Steudel, id.,p.263. 

3 C.E. Bemis, Jr., J.R. Beene,J.P. Young, and S.D. Kramer, Phys. Rev. Lett, j+3, I 85 L (1979). 

BC 2 High Sensitivity Laser Spectroscopy for Radioactive Atoms. G.W. GREENLEES, University of Minnesota. (30 min.) 


BC 3 Laser Spectroscopy On-Line with Accelerators.* H.A. SCHUESSLER, Texas A & M University. (30 min.) 

The introduction of laser techniques and the progress made in experimental methods to produce 
pure beams of mass separated ions on-line with powerful accelerators and reactors have led to a 
revival of hyperfine structure and isotope shift spectroscopy. Such experiments make the 
systematic investigation of long chains of radioactive isotopes possible and allow, for instance, 
the measurement of nuclear moments, nuclear spins, and nuclear charge distributions of short¬ 
lived nuclei far off the valley of beta-stability in mass regions previously not accessible for 
such studies. The developments in this area of research, recent results, and future prospects 
will be presented. Recent results include measurements on long chains of alkali isotopes'>2 0 f 
sodium, rubidium, and cesium and of the very neutron deficient mercury 3 and cadmium isotopes 
and isomers. New nuclear properties and refinements of nuclear models have resulted from this 
work. The on-line techniques to be discussed include optical resonance detection in an atomic 
beam by magnetic deflection, Doppler limited fluorescence spectroscopy, laser induced quantum 
beats, atomic beam magnetic resonance,^the fast beam method, nuclear radiation detected optical 
pumping and related techniques. 5 The possibility of manipulating and storing ions 6 of short¬ 
lived isotopes in a quadrupole ion trap to conduct high resolution spectroscopy on atomic 
systems almost at rest will be explored. 

*Supported by the Bundesministerium fur Forschung und Technologie, the Deutsche Forschungsgemein- 
-.schaft, the National Science Foundation, and the U.S. Department of Energy. 

G. Huber, F. Fouchard, S. Buttgenbach, C. Thibault, R. Klapisch, S. Liberman, J. Pinard, H. T. 
2 Duong, P. Juncar, J. L. Vialle, P. Jacquinot, and A. Pesnelle, Phys. Rev. Lett. 41_, 459 (1978). 
oJ. Bonn, W. Klempt, R. Neugert, E.-W. Otten, and B. Schinzler, Z. Phys. A289 , 227 (1979). 

-H. Kremm\ing,P. Dabkiewicz,H. J. Kluge,T. Klihl, and H.A. Schuessler, Phys.Rev.Lett. 43,1376(1979). 
cC. Ekstrom, L. Robertson, J. Wannberg, and J. Heinemeier, Physica Scripta ^9, 516 TT979). 

gC. E. Bemis, J. R. Beene, J. P. Young, and S. D. Kramer, Phys. Rev. Lett. 43, 1854 (1979). 

°H. A. Schuessler, in Progress in Atomic Spectroscopy, p. 999, Plenum Press TT978). 

BC 4 Theoretical Description of Magnetic Properties of Atomic Nuclei. J. SPETH, Univeristy of Bonn. (30 min.) 

A review is given on the present situation of the theoretical understanding of magnetic properties 
of atomic nuclei. We shall emphasize the connection of these quantities with the spin-dependent 
part of the particle-hole interaction and the mesonic degrees of freedom in the nucleus. It is 
well established that the deviations of the measured magnetic moments and magnetic transition 
probabilities from the Schmidt values are due to mesonic effects as well as due to core polari¬ 
zation contributions which depend on the particle-hole interaction 1 ’ 2 ). Therefore the magnetic 
moments do not allow to separate these two effects from one another. On the other hand the ex- 
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citation energies of magnetic resonances (unnatural parity states) are independent of the above 
mentioned mesonic effects; they are only influenced by the particle-hole interaction. We include 
in our report the results of a recent theoretical investigation of magnetic properties 3 ) where a 
generalized spin-dependent particle-hole interaction has been used. This new interaction allows 
a unified description of the above mentioned quantities in light and heavy mass nuclei. We also 
discuss so-called precritical phenomena in connection with pion condensation in nuclei. 

1) J. Speth, E. Werner and W. Wild, Phys. Rep. 33, 127 (1977). 

2) A. Arima, G.E. Brown, H. Hyuga and M. Ichimura, Nucl. Phys. A205 , 27 (1973); 

A. Arima, Lecture Notes in Physics, Vol. 108 (Eds. H. Arenhovel and D. Drechsel, Springer- 
Verlag, 1979). 

3) J. Speth, V. Klemt, J. Wambach and G.E. Brown, Nucl. Phys. (in press). 


BC 5 The Interacting Boson Model of the Nucleus and its Application to Isomer and Isotope Shifts.* 

F. IACHELLO, Yale University. (30 min.) 

Recently, a new and promising approach to collective states in nuclei has been introduced 1 
which is quite simple and yet can describe the situation in many nuclei. In this approach, 
collective states of even-even nuclei are constructed as states of N bosons which can occupy 
a level with L=0 (s-bosons) or another with L=2 (d-bosons). The bosons are interpreted as 
correlated nucleon pairs. 2 In this paper, the main features of the model will be discussed. 

It will be shown that the model, in addition to describing energy levels and electromagnetic 
transition rates, allows a simple and straightforward calculation of isomer and isotope shifts. 

*Work supported in part by USDOE Contract No. EY-76-C-02-3074 
1 A. Arima and F. Iachello, Phys. Rev. Letters 35, 1069 (1975). 

2t. Otsuka, A. Arima, F. Iachello and I. Talmi, Phys. Letters 76B , 139 (1978). 


I SESSION BD: SYMPOSIUM OF THE DIVISION OF PLASMA PHYSICS: NEW KNOWLEDGE OF THE PLASMA PHYSICS OF THE 
SOLAR SYSTEM 

Monday afternoon, 28 April 1980; Diplomat Room, Shoreham-Americana Hotel at 2:00 P.M.; K. Papadopoulos, presiding 

BD 1 Heating of Magnetic Structures in the Solar Corona.* R. ROSNER, Harvard University. (30 min.) 

Observations of the Sun at wavelengths ranging from the UV to soft X-rays, obtained over the 
past decade, have shown the solar outer atmosphere — the chromosphere and corona — to be 
highly structured. The characteristic "loop n -like features into which the solar plasma is 
organized dominate the radiative emission from the corona, and appear to be defined by 
surface magnetic fields. It is argued that these structures are energetically maintained by 
magnetic field-related heating processes; a number of distinct heating processes have been 
proposed, and will be discussed in light of available diagnostics. 

^Supported by the National Aeronautics and Space Administration. 

BD 2 Voyager Studies of the Magnetosphere of Jupiter.* G. GLOECKLER, University of Maryland. (30 min.) 

Our Low-Energy Charged Particle Experiments (LECP) 1 on Voyager 1 and 2 provided measurements of 
the energy spectra, anisotropies and composition of ions and electrons in the magnetosphere of 
Jupiter at energies above ^28 and 20 keV respectively. These measurements have revealed that 
much of the Jovian magnetosphere is filled with a hot, multi-component plasma consisting pri¬ 
marily of H, He, 0 and S ions. This plasma is confined to a thin "magnetodisk" centered on 
Jupiter, and is generally corotating with the planet out to the magnetopause (50-80 Rj) on the 
dayside and to 100-150 Rj on the nightside. Beyond ^150 Rj the flow direction switches abruptly 
to an anti-solar direction to distances as far as 360 Rj on the nightside at ^0300 local time. 
Plasma in this "magnetospheric wind" has a composition similar to the inner part of the magneto¬ 
sphere and flows with speeds of 400-1300 km/sec. In the corotating magnetodisk region the ion 
number density, n ^ 10-2-10 -3 cnT^ and their energy density (>28 keV), Ep ^ 4«10“9 - 2•10“ 
erg cm" 3 . The S/He and 0/He ratios (measured from 0.7 to 1.6 MeV/nuc) increase by a factor of 
vten with decreasing radial distance from 60 to 15 Rj while the C/He ratio remains constant at 
a 'xJ’lO- 3 (coronal abundance ratio). At 15 Rj the S/He ratio exceeds the corresponding ratio in 
the solar corona by £200. An overall phenomenological model incorporating these observational 
features will be discussed. 

*This work has been done in collaboration with S.M. Krimigis, T.P. Armstrong, W.I. Axford, C.0. 
Bostrom, C.Y. Fan, L.J. Lanzerotti, E.P. Keath, D.C. Hamilton, J.F. Carbary and R.D. Zwickl. 
lS.M. Krimigis, W.I. Axford, C.0. Bostrom, C.Y. Fan, G. Gloeckler, L.J. Lanzerotti, Space Sci. 

Rev., 21, 329 (1977). 

BD 3 Origin of the Plasma in the Earth’s Neighborhood and Other New NASA Initiatives. 

J.K. ALEXANDER, Goddard Space Flight Center. (30 min.) 

BD 4 The ISEE View of the Bow Shock. J.D. SCUDDER, Goddard Space Flight Center. (30 min.) 

BD 5 Auroral Kilometric Radiation.* C.L. GRABBE, Science Applications, Inc., McLean, VA. (30 min.) 

Characteristics of and observational data on auroral kilometric radiation will be summarized. In 
particular recent data on polarization and wave spectrum, such as the determination of polariza¬ 
tion at the source on Isis I 1 , and direct measurements of polarization far from the source on 
Voyager I, 2 will be discussed. A number of theories have been proposed for this radiation, in¬ 
cluding an anisotropic velocity distribution instability, 3 mode conversion of electron cyclotron 
radiation to the extraordinary and then to the ordinary mode 4 , beating of coherent electrostatic 
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waves 5 , a loss cone instability 6 and nonlinear beam amplification of electromagnetic waves via 
electrostatic ion cyclotron waves. 7 * 8 Emphasis will be placed on recent proposals, including 
one by the speaker. 8 

*Work supported by Office of Naval Research and NASA. 

Geophys. Res. Lett. 6^, 479 (1978). 

2 Geophys. Res. Lett. 5^, 857 (1978). 

3 Astrophys. J., 207, 651 (1976). 

4 Geophys. Res. Lett. 2 _, 52 (1975). 

5 J. Geophys. Res. 84, 5189 (1979). 

6 Astrophys. J., 230, 621 (1979). 

7 J. Geophys. Res. 81, 1762 (1976). 

8 Nav. Res. Lab. Memo Rept. #4087 (submitted to J. Geophys. Res.) 


I SESSION BE: NUCLEAR THEORY: GENERAL 
Monday afternoon, 28 April 1980 
Baltimore Room, Sheraton Washington Hotel at 2:00 P.M. 

P. Vogel, presiding 

BE 1 Exact Solution of the Faddeev Equations for the 
Harmonic Oscillator Ground State .* J.L. FRIAR and B.F. 
G IBS °N, Theor. Div., LASL and G.L. PAYNE, Univ. of Iowa. 
—The Faddeey equations in 3 space dimensions for three 
identical spinless particles in their ground state inter¬ 
acting via harmonic oscillator, 2-body potentials is 
solved analytically. Unlike the well-known Schrodinger 
solution, the individual Faddeev amplitudes may be nega¬ 
tive and contain a long range component of arbitrary 
strength, Three-dimen&ional plots of the amplitudes and 
wave functions will be presented, 

*Work performed under the auspices of the Department of 
Energy. 

BE 2 Influence of Solitons in Abnormal Nuclear Matter .* 
H. KROGER**, Oak Ridge National Lab .t, Oak Ridge, TN 
Starting from the reduced a-model Lagrangian introduced 
by Lee and Wick, 1 we show that a mean-field approximation 
night give rise to a degenerate vacuum of the meson 
field. This offers the possibility of a classical 
soliton solution which leads to singularities in the 
Dirac-type equation for the nucleon field, such as the 
vanishing of the effective nucleon mass. 

^Submitted by J. B. McGRORY. 

**NAT0 Fellow from Justus-Liebig-Universitat, Giessen, 
West Germany. 

^Operated by Union Carbide Corporation under contract 
W-7405-eng-26 with the U.S. Department of Energy. 

1 

T. D. Lee and G. C. Wick, Phys. Rev. D9, 2291 (1974). 

BE 3 Nuclear Matter with Virtual Isobars . R. B. 
WIRINGA, Los Alamos Scientific Laboratory? --A varia¬ 
tional theory of nuclear matter developed in recent 
years 1 is extended to study coupled-channel potential 
models that explicitly excite isobar degrees of freedom. 
The structure of the method is such as to automatically 
count many three-body cluster terms involving isobars 
that are traditionally included in calculations of the 
three-body force. Numerical results will be presented 
for the Smith-Pandharipande potential, 2 minus its spin- 
orbit term, which has a V 6 potential form between nucle¬ 
ons and transition spin-and tensor-isospin operators to 
Na and aa components. 

*Work performed under auspices of U.S.D.O.E. 

: V. R. Pandharipande and R. B. Wiringa, Rev. Mod. Phys. 

51, 821 (1979) 

^R\ A. Smith and V. R. Pandharipande, Nucl. Phys. A256 , 


BE 4 * Atomic Interference Effects in Nuclear Transi¬ 
tions . B.R. DAVIS, S.E. KOONIN, and P. VOGEL, CalTech .-- 
In a recent test of time-reversal invariance. Gimlett 
et al . 1 determined the phase difference £ of E2 and Ml 
multipoles in the 129 keV transition of 191 Ir. Their 


value is in significant disagreement with the calculated 
value of Goldwire and Hannon 2 , based on the influence of 
atomic electrons upon the nuclear y-rays. We calculated 
independently and more carefully £ for this transition in 
191 Ir, and found no evidence for time-reversal violation. 
Results are also given for selected Mossbauer absorption 
transitions, where similar effects cause line asymmetry. 

A satisfactory agreement with experiment is obtained. 


* 

Supported by NSF and U.S. DOE. 

1 J.L. Gimlett et al, Phys. Rev. Lett. 42, 354 (19 79). 

2 H.C. Goldwire and J.P. Hannon, Phys. Rev. B , 1875 

(1977). 

BE 5 Energy Dependence of Particle-Hole Gaps and the 
Giant Electric Dipole Resonances (GEDR) . M. SOMMERMANN, 
T.T.S. KUO, K.F. RATCLIFF, SUNY Stony Brook and Albany .* 

—Brown, Dehesa and Speth (BDS, Nucl. Phys. A) recently 
proposed a new dynamic theory for the GEDR, pointing out 
the importance of using an energy dependent effective 
mass. We have studied this effect using a folded 
diagram microscopic theory. When using empirical single 
particle and hole energies we are required to include 
folded diagrams in the effective particle-hole inter¬ 
action. The important effect of these diagrams has not 
been considered before. The partial summation of folded 
diagrams results in energy dependent single particle and 
hole energies for different states, directly in line 
with the dynamic theory of BDS. We employ accurate G- 
matrices derived from two realistic nucleon-nucleon 
potentials, the Reid soft-core and Bonn-JUlich mesonic 
exchange potentials. It is crucial that for the GEDR 
we evaluate the one-body Q-boxes at energies larger 
than the self-consistent single particle energies. 

This increases the particle-hole gap by about 1.5 MeV in 
16 0, in qualitative agreement with BDS. 

*supported by the USDOE 

BE 6 Calculation of Double Beta Decay Lifetimes in 
128,130 T ^ lurium t * w.C. HAXTON, G.J. STEPHENSON, JR., 
and D.R. STROTTMAN, Theor. Div., LASL— We have calculat¬ 
ed double beta decay lifetimes in 128 Te and 130 Te in the 
standard (Weinberg-Salam) model of weak interactions^ 

We use a modified version of the Glasgow shell model 1 
code to generate neutron and proton states, and then 
combine these in weak coupling. Closure is used in 
summing over intermediate states, with the average 
excitation energy fixed as in the work of Vergados, 
and Coulomb distortions are treated carefully„ The 
results are 3 o 3*10 19 years for 128 Te and 1.1*10 23 years 
for 136 Te, which are factors of 68 and 32 shorter than 
experiment respectively. We shall discuss estimates of 
the effects of isospin mixing due to the Coulomb force, 
of improvements in estimates of the closure energy, and 
of possible cancellations due to exchange currents. 

*Work supported under the auspices of the Department of 
Energy. 

Tr. R. Whitehead, et al., in Adv. in Nucl. Phys. 10 , 123 
(1978). 

2 J. D. Vergados, Phys. Rev. C13 , 865 (1976). 

BE 7 Present Status of Search for New Hartree- 
Fock States in Strongly-Interacting Many-Body 

Systems.*M . de LLANOT**Iowa State u.'***--Themoti 
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vation is that all (perturbation theory or varia¬ 
tional) calculations based on an unperturbed many- 
body hamiltonian which is either the ideal gas or 
a Hartree-Fock (HF) problem with plane-wave orbi¬ 
tals do not give, at sufficiently low densities, 
the possibility of n-body (2<n<N) bound complexes 
and thus quite probably are incapable in principle 
of providing the correct N-body bound state repre¬ 
senting nuclear, alpha, liquid He 3 or He 4 * * * * * * * ,etc. 
matter. Although the possibility of lower energy 
abnormally occupied (i.e., different from Fermi 
sphere 1 ) or zero-momentum-condensate^) occupation 
plane-wave HF states seems encouraging, the price 
paid in kinetic energy seems too high for real 
interactions. Some results for several many- 
body systems utilizing localized orthonormal orbi¬ 
tals in a determinant compare somewhat favorably 
with some recent optimum Jastrow correlation func 
tion variational calculations. 

^Submitted by B.J. DALTON. 

**0n leave from IFUNAM & ININ, Mexico City. 
***Supported by US DOE Contract W-7405-Eng-82, 
Nuclear Theory Division. 

lM. de Llano, A. Plastino & J. G. Zabolitzky, 

Phys. Rev. C 20, 2418 (1979). 

2v. C. Aguilera-Navarro et al., Phys. Lett. B 80, 
327 (1979). 


Since these spin dependent interactions may be classi- 
,fied as either J dependent or asymptotically J indepen¬ 
dent calculations, as well as representations, are 
simplified for the larger energies required in heavy-ion 
physics. 

Supplementary Program 


BE 11 Cauchy Approach to Nonlinear Field Quantization .* 
H. KROGER**, Oak Ridge National Lab .t, Oak Ridge, TN— We 
propose a Cauchy approach to the quantization of non¬ 
linear field equations A (3)i|> = F(i|0 having a non¬ 
degenerate vacuum. By discretization of the integration 
path, we find a finite set of field operators ^ which 
obey a linear field equation. The ^'s form an approxi¬ 
mate algebra and are bounded operators. The commutator 
relations for the are given. A finite particle number 
scheme is proposed in order to fulfill the field 
equation, the algebra, and the commutator relations for 
the ft^'s. From the set of the it is easy to re¬ 

construct the original field \p. 

^Submitted by J. B. McGRORY. 

** 

NATO Fellow from Justus-Liebig-Universitat, Giessen, 

West Germany. 


BE 8 Effect of a Spurious State on Off Shell T Matrix 

Elements . B. BAGCHI and B. MULLIGAN, Ohio State Univ.*-- 
The error in the effective range of the Mongan Case IV 
potential is well-known.-*- We have obtained two new sets 
of parameters for the Mongan potential, both yielding 
good fits to the ^Sq n-p data. One set of parameters re¬ 
sults in a spurious state; * 1 2 the other does not. On the 
basis of these two potentials with similar on-shell be¬ 
havior, we discuss the effects on the off shell T matrix 
of the presence of a spurious state. In this work we use 
exact analytic expressions for the off shell T matrices. 2 

* Supported by NSF under Grant No. PHY78-25532. 

1. F. J. D. Serduke and I. R. Afnan, Phys. Rev. C 4, 

1002 (1971); B. Bagchi and B. Mulligan, Phys. Rev. C 
10, 126 (1974). 

2. B. Mulligan, L. G. Arnold, B. Bagchi, and T. 0. 
Krause, Phys. Rev. C 13, 2131 (1976). 

3. B. Bagchi and B. Mulligan, Bull. Am. Phys. Soc. 20 , 
1177 (1975). 

BE 9 Narrow s-Wave Resonances with Nonlocal Poten ¬ 
tials . B. MULLIGAN and B. BAGCHI, Ohio State Univ.*--In 
a many-channel situation there exists a mechanism for 
resonance which is quite different from that of trapping 
by a barrier. While barrier trapping is described in 
terms of a local potential, the effective potential for a 
many-body resonance viewed in the one-particle channel is 
nonlocal. In the limit of zero coupling the nonlocal po¬ 
tential must exhibit a resonance of zero width, that is, 
a bound state in the continuum. 1 For ,J=0 we discuss the 
difference between the two types of resonances in terms 
of Fredholm determinants for local and nonlocal poten¬ 
tials.^ 

* Supported by NSF under Grant No. PHY78-25532. 

1. Me Bolsterli, Phys. Rev. 182 , 1095 (1969). 

2. B. Mulligan, L. G. Arnold, B. Bagchi, and T. 0. 
Krause, Phys. Rev. C _13, 2131 (1976). 

BE 10 

A Simplified Representation of Higher Order Tensor 
Spin Interactions for Systems with Maximum Channel Spin 

Y. G. J. GRUBE, Northern Kentucky University , and J. Y. 

PARK, North Carolina State University .-The representa¬ 

tion of higher order spin dependent interaction may be 
simplified by using an operator formalism. Using this 
formalism allows one to discern the time, parity, and 
rotational invariance of the higher order operator. 


^Operated by Union Carbide Corporation under contract 
W-7405-eng-26 with the U.S. Department of Energy. 


( SESSION BF: INTERMEDIATE ENERGY: EXPERIMENT I 
Monday afternoon, 28 April 1980 

Annapolis Room, Sheraton Washington Hotel at 2:00 P.M. 
P.D. Barnes, presiding 


BF 1 Energy Dependence of Pion Elastic Scattering from 
12 C and l6 0 Across the (3,3) Resonance* W.B. COTTINGAME 
and D.B. HOLTKJMP, Univ. of Texas. -- Optical m odel cal- 
culations of tT elastic scattering 
from 12 C across the (3,3) resonance' 
systematically yield improved fits ( 
for a -25±4 MeV shift in the energy* 
at which the optical model para- «. 
meters are evaluated. Similarly, » 
calculations for 16 0 between 114 
and 240 MeV yield -22±4 MeV shift - 
in energy. The figure shows the ■> 
results for 12 C from a modified 
version of the optical model code 
PIRK using a simple Kisslinger 
potential and harmonic oscillator 
parameters consistent with elec¬ 
tron scattering data with and 
without the energy shift. The 
success ofthis one parameter phe¬ 
nomenological fit over a broad 
range of energy suggest how cor¬ 
rections to the pion-nucleus pot¬ 
ential should come in. 

*Supported in part by the United 
States Department of Energy and 
the Robert A. Welch Foundation. 



wMtOjEM.,1 

BF 2 Measurement of Nuclear Charge Distribution by tt 
S cattering . T.G. MASTERSON, J.J. KRAUSHAAR, S. LEPP, E. 
ROST, Univ . of Colo. ,* B. BARNETT, W. GYLES, R.R. JOHN¬ 
SON, U.B.C .,** D. GILL, A.W. THOMAS, TRIUMF ,** and + J. 
ALSTER, Tel Aviv Univ .—At TRIUMF, 40 and 50 MeV 7T were 
elastically scattered from ^B and l2 C targets. The 
Hb/12c cr oss section ratios were measured from 30° to 
150°. Both coordinate and momentum space optical poten¬ 
tial models were then used to calculate the cross section 
ratios. The rms charge radius of B was varied until a 


best fit to the data was achieved. Preliminary analysis 
gives an rms charge radius for B which is 0.07±0.03 fm 
smaller than that of 12 C. This result is independent of 
the charge radius assumed for 12 C and agrees with the 
difference 1 of 0.07±0.12 fm found in electron scattering. 
This result supports the tt“ cross section ratio method^ 
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of determining neutron matter rms radii and stresses the 
need for a better electron scattering rms charge radius 
for H-B in order to definitely establish that method. 

* Supported in part by USDOE. 

**Supported by NSERC, Canada. 

•*- A. W. de Jaeger et^ al . , Nucl. Data Tab. 14, 489 (1974), 
and R. C. Barrett, private communication. 

R. R. Johnson et al. , Phys. Rev. Lett. 43^, 844 (1979). 

BF 3 Elastic Scattering of Pions by Light Nuclei Near 
1 GeV . A.K. Dozier, Washington University, J.S. Chalmers, 
University of Louisville—The elastic scattering of neg¬ 
ative pions by helium and oxygen at energies near 1 GeV 
is analyzed using a first order optical potential. Good 
agreement with data is obtained. The calculation is 
shown to be sensitive to the choice of the pion-nucleon 
amplitude as well as the choice of nuclear and nucleon 
form factors. 

BF 4 

Pion Inelastic Scattering from the Low Lying States 
of the Calcium Isotopes^ . HARVEY, K. BOYER, S. GREENE, 
W. COTTINGAME, C. FRED MOORE, W. J. BRAITHWAITE, Univ. 
of Texas , C. L. MORRIS, H. A. THIESSEN, LASL , G. 

BLANPIED, G. BURLESON, New Mexico St. Univ. , J. DAVIS, 

R. C. MINEHART, J. MCCARTHY, Univ. of Vi rginia — 

Angular distributions of da/dfi for tt- inelastic 
scattering from the Z \, and 3J, states in 40 » 42 » 44 > 48 Ca 
have been obtained at incident pion energies of 116, 180, 
and 292 MeV. These data are being analyzed to determine 
the isoscalar and isovector { 8R ) for these states. 
These results along with a comparison of those obtained 
with other probes will be presented. 

Supported in part by the Robert A. Welch Foundation and 
the U. S. Department of Energy. 

BF 5 Inelastic Quadrupole and Octupole Transitions 

in (77,71*) Reactions on 89 Y, 92 Mo, 118 Sn at = 180 MeV . 

K.G.R. DOSS, R.A. EISENSTEIN, W.R. WHARTON, Camegie- 

Mellon U., G. BLANPIED, G.R. BURLESON, New Mexico St ate 
U. , J.F. AMANN, LAMPF- -Inelastic angular distributions 
for both tt + and tt" at = 180 MeV have been measured 

for states in ^Mo, and 1-^Sn using the EPICS 

spectrometer at Los Alamos. tt + scattering is dominated 
by the proton part of the form factor and it* by the 
neutron part. RPA calculations have been performed to 
obtain microscopic form factors used in a DWBA analysis. 
Preliminary DWBA calculations are showing success in 
reproducing the it + and tt" cross sections to the lowest 
excited states. However, the calculations can not ex¬ 
plain the observed suppression in cross section of 
states at higher excitation energy. Neither the low 
energy octupole resonance at ^ 30 A"^/3 MeV nor the 
giant quadrupole resonance at 63 A*1/3 MeV are seen. 

States which are seen above 5 MeV excitation are a 
factor 2 to 3 weaker than expected when compared to 
data from other probes. 

BF 6* The (tt ,n) reaction in at T = 280-575 

MeV . L. ORPHANOS, R. ALTEMUS, P. GUGELOT? J. KALLNE, 

J. McCarthy, R. MINEHART, U. of Virginia , P. GRAM, 

B. HOISTAD, C. MORRIS, E. WADLINGER, Los Alamos Scienti¬ 
fic Laboratory » C. PERDRISAT, College of William and 
Mary .—We have measured the differential cross section 
^TMHe(7r,n)2,3 H above the (3,3) resonance using the 
P^ pion channel at LAMPF. The recoil deuterons and 
tritons were detected in a telescope of plastic scin¬ 
tillators and wire chambers with information on TOP, 

AE, and E for particle identification. The two-body 
final states were identified in the E-spectra; angular 
distributions da/d^(6, T ) were thus obtained. These 
results will be compared with previous ones around the 
(3,3) resonance^with the objective to learn how the 
strength of the TTN interaction influences various 
aspects of the pion absorption mechanism. 

*Supported by the United States Department of Energy. 

(1) J. Kallne et al ., Phys. Rev. Lett. 4f), 378 (1978) 


BF 7 Transitions to High Lying States in 13 C Observed 
with Inelastic Pion Scattering , s. j. TRIPP, p. DEHNHARD, 
M. FRANEY, and G. KYLE, U. of Minnesota, C. L. MORRIS, 

R. B0UDRIE, J. PIFFARETTI, and H. A. THIESSEN, LASL . 

Angular distributions and excitation functions have been 
obtained for states near 16 and 21 MeV in 13 C. Our data 
indicate that these transitions proceed with large angu¬ 
lar momentum transfer, consistent with recent electron 
scattering data that show large M4 strength at 16.1 and 
21.4 MeV. The|e states are of special interest because 
of the large tt enhancement observed for the 16.1 Mev 
state as well as an + apparent shift in energy for the 21.4 
MeV state between tt and tt~. Comparisons will be made 
with the transtions to the 4" states at around 19 Mev in 
* 2 C and with the DWIA calculations of T.-S. H. Lee and 
D. Kurath. 

* supported in part by the U.S. Department of Energy 

I. R. S. Hicks, et al ., Proceedings LAMPF Workshop on 

Nuclear Structure with Intermediate Energy Probes, 

January 1980. 

BF 8 Mass Measurements with Pion double Charge Exchange* 
C. L. MORRIS, H. A. THIESSEN, LASL , W. J. BRAITHWAITE, S. 

J. GREENE, I. B. MOORE, W. B. COTTINGAME, D. B. H0LTKAMP, 
C. F. MOORE, Univ. of Texas , G. R. BURLESON, G. S. BLAN- 
PIED, New Mexico St. Univ.- -Pion double charge exchange, 
at 180 MeV, has significant cross section for transitions 
to non-analog states. Thus, we can use (tt + ,tt") to measure 
ground state masses in isospin quintets. In the.Ip and s- 
d shells, 12 0, 16 Ne, 24 Si, and 32 Ar were measured using 
targets of 12 C, 24 MgO, and 32 S. Data were taken at 5° in 
the lab, the spectrometer resolution obtained with all 
targets was about 300 KeV (dominated by target thickness), 
and statistical errors for all measurements were less than 
40 keV. Masses for 12 0 and 16 Ne represent improvements 
over previous values and the masses of 24 Si and 32 Ar are 
the first reported measurements for these isotopes. These 
masses were fit with the Isobaric Multiplet Mass Equation, 
M = a + bT z +cT|, along with other known masses. The res¬ 
ultant Chi-squared values for second order fits are ade¬ 
quate without including higher order terms. Two other 
quintets have been measured (A=8,20) with sufficient acc¬ 
uracy to test the IMME. For A= 8 , significant higher-order 
terms, dTj + eT^, are required to fit the data. Measured 
values for the A=20 quintet, with is bound to particle de¬ 
day (unlike A= 8 ) show excellent agreement with the IMME. 

* Supported by USERDA and the Robert A. Welch Foundation. 
BF 9 

Mass of 26 Ne by the 26 Mg(Tr" ,tt + ) Reaction M. Kaletka, 

H. Nann*, K.K. Seth, S. Iversen, D. Barlow, and D. 

Smith, Northwestern University, Evanston, II. 60201 
The mass of 26 Ne has been measured by the double 
charge exchange reaction of 26 Mg(Tr-,Tr + ) 26 Ne at T^ = 
162.75 MeV using the EPICS facility at LAMPF. The 
reaction l 2 C(Tr‘,TT + ) 12 Be, with known Q = -26.100 ± 

0.015 MeV, was used for calibration to obtain Q = 

-17.65 ± 0.08 MeV for the 26 Mg(iT*,TT + ) 26 Ne reaction. 

This Q-value corresponds to a mass excess of 0.42 ± 

0.08 MeV for 26 Ne. 


Supported in part by the U.S. Department of Energy 
* Now at Indiana University, Bloomington, Indiana 

BF 10 Pion Double Charge Exchange on 16 ’ 18 0 and 24,26 Mg* 
S. J. GREENE, W. J. BRAITHWAITE, W. B. COTTINGAME, I. B. 
MOORE, C. J. HARVEY, D. B. H0LTKAMP, C. F. MOORE, Univ. of 
Texas , C. L. MORRIS, H. A. THIESSEN, LASL , G. R. BURLESON, 
G. S. BLANPIED, New Mexico St. Univ. —Targets of 16 ’ 18 0 & 
24,26 Mg are particularly interesting because the (tt + ,tt“) 
ground state reaction on the core®2n nuclei lead to double 
isobaric analog states. Comparison with DCX on the self¬ 
conjugate nuclei offers^ome insight into the relative str¬ 
engths of isobaric analog to non-analog transitions. A 
dipole bending magnet positioned after the target selected 
pions with an opposite polarity from that of the incident 
pion beam, permitting the EPICS spectrometer to be set at 
5° (lab), the angle at which excitations function were 
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taken on all targets. Angular distributions were taken on 
18 0 at 164 MeV and 292 MeV, and on 26 Mg at 292 MeV. The 
most important aspect of these results is the measured do¬ 
minance of DIAS transitions at 292 MeV on both targets by 
a factor of 20 to 100, over the non-analog transitions, at 
5°. In contrast, the double analog and non-analog trans- 
si tions were found comparable in strength at 164 MeV. The 
double-analog 18 Ne angular distribution at 164 MeV show a 
non-simple diffraction shape, in contrast to a simple dif¬ 
fraction shape seen for double analog transitions to 18 Ne 
and 26 $i at 292 MeV, using appropriate strong absorption 
radii. 

*Supported by USERDA and the Robert A. Welch Foundation. 

BF 11 Possible Effects of Dibaryon Resonances on Pion 
Double Charge Exchange* C. FRED MOORE, W. J. BRAITHWAITE, 
S. J. GREENE, Univ. of Texas , C. L. Morris, LASL , W. B. 
COTTINGAME, New Mexico St. Univ.- - 3 $i dibaryon resonances 
formed by p-wave tt + absorption on valence ! So neutron 
pairs are proposed as a possible source of the recently- 
measured strong dominance of double-analog transitions 
over non-analog transitions in low-A couble charge exch¬ 
ange reactions, at incident pion energies well above the 
(3,3) ttN resonance. The positions of the three 3 S|(T=0, 
1,2) are found to be at E^ 210 MeV (T=0), 360 MeV (T=l), 
and 660 MeV (T=2). Such states can couple strongly by p- 
wave pion absorption and emission to the dineutron and 
diproton states, respectively, with quantum numbers 
(T=l). Due to Fermi motion in the nucleus, the resonance 
energies are expected to be slightly lower (by a few tens 
of MeV), as occurs in the case of the (3,3) resonance in 
nuclei. A double charge exchange transition induced by 
tT decay of the 3 S X uNN dibaryon state following resonant 
tt + absorption on two valence neutrons in a relative ! So 
(T=l) state, will result in two 1 S 0 (T=l) protons taking 
the same orbital configurations as the two original x Sq 
valence neutrons in the target. DCX reactions proceeding 
by this mechanism result in the formation of double ana¬ 
log states, but will not result in the formation of non¬ 
double analog states. 

*Supported by USERDA and the Robert A. Welch Foundation. 

BF 12 Observation of the Double Isobaric Analog State 
in the Reaction 209 Bi (ir+.ir" ) 20s At* W. 0. BRAITHWAITE, 

S. J. GREENE, I. B. MOORE, W. B. COTTINGAME, D. B. H0LT- 
KAMP and C. F. MOORE, Univ. of Texas , C. L. MORRIS and 
H. A. THIESSEN, LASL , G. R. BURLESON and G. S. BLANPIED, 
New Mexico St. Univ. --Double charge exchange has been 
used to populate the double isobaric analog state using 
the neutron-rich target, 209 Bi. An incident pion energy 
of 292 MeV was used because the DCX reaction has been 
shown to be dominated at this energy by the double iso¬ 
baric analog transition in previous work using the light 
nuclei: 16 ’i 0 o and 24,26 Mg. The peak for the DIAS tran¬ 
sition is expected at 34.7 MeV in the energy loss spect¬ 
rum (0.5 MeV target). A statistical analysis of the DCX 
spectrum indicates the area for the peak, located at 35 
± 1 MeV, is greater than three standard deviations above 
background. The width of this peak is about 1 MeV which 
is about the width expected for the double analog state. 
The cross section for this state has been determined to 
be 0.46 ± 0.15 microbarns/steradian at 5° in the lab. 

*Supported in part by the United States Department of 
Energy and the Robert A. Welch Foundation. 

BF 13 t 

Identification and Mass Determination of 9 He Kamal K. 
Seth, S. Iversen, H. Nann*, M. Kaletka, D. Barlow, and 
D. Smith, Northwestern University, Evanston, II. 60201 
The reaction 9 Be(7r”,7r + ) 9 He has been studied at the 
EPICS facility at LAMPF at T(tt‘) = 194 MeV. A clear 
enhancement over 8 He + n phase space is observed at Q = 
-30.65 MeV and is interpreted as corresponding to the 
9 He(g.s.). From this measurement it is concluded that 
9 He(g.s.) is unstable to 8 He + n decay by 1.31 ± 0.20 
MeV. This compares with predictions of ^ 3.0 MeV by 
Jelly and Thibault. 


tSupported in part by the U.S. Department of Energy 
* Now at Indiana University, Bloomington, Indiana 


BF 14 How Many Nucleons are Involved in Pion 
Absorption in Nuclei ? R. D. McKEOWN, S. J. SANDERS, 

J. P. SCHIFFER, H. E. JACKSON, M. PAUL, J. R. SPECHT, 

E. J. STEPHENSON, Argonne Nat. Lab. ,* R. P. REDWINE, 

MIT , R. E. SEGEL, Northwestern Univ.— The proton yields 
from the interaction of pions on nuclear targets with 
12 £ A £ 181 were measured in the region of the.A(3,3) 
resonance, for pion kinetic energies of 100, 160, and 
220 MeV. The shift in proton energies with angle is 
analyzed in terms of the average number of nucleons that 
have participated in absorbing the pion's momentum and 
total energy. The effective number of interacting 
nucleons, for both tt+ and it - incident, is found to be 
^3 for 12 C and increasing to ^5.5 for 181 Ta. These 
numbers are also consistent with the ratio of protons 
seen in tt + and 7r“ induced reactions. 

*Work supported by the U. S. Department of Energy. 

BF 15 Experimental Energy and Mass Survey of it 4 Inelas- 
tic Scattering to the Continuum. K. ANIOL, D. CHIANG, I. 
HALPERN, D. STORM, University of Washington ; B. EISEN- 
STEIN, W. WHARTON, N. COLLELA, R. GRACE, S. DYTMAN, K. 
DOSS, D. MARLOWE, F. TAKEUTCHI, P. BARNES, C. ELLEGAARD, 
Carnegie-Mellon University ; J. AMANN, M. COOPER, Los 
Alamos Scientific Laboratory ; L. KNUTSON, University of 
Wisconsin —Continuum inelastic scattering of positive 
pions has been measured for incident energies of 50, 67, 
and 85 MeV from a wide range of natural isotopic targets 
between carbon and lead using a stack of eight intrinsic 
Ge detectors. At 67 MeV differential cross sections 
were measured in ^10° steps from 30° to 145° for Mg, Ca, 
and Ni and in 20° steps for targets of C and Pb. Spectra 
at several angles have also been measured for Zr, Sn, and 
Ho. The angular distributions of the total inelastic 
spectrum, like the free ttN scattering, is strongly back¬ 
ward peaked but with a backward to forward ratio for 
da/dfi of about 3. Spectra will be presented for a vari¬ 
ety of angles and energies and the dependence of the 
total inelastic cross section will be discussed. At 67 
MeV the total inelastic cross section is approximately 
proportional to A®’ 4 . 


I SESSION BG: HEAVY IONS II 
Monday afternoon, 28 April 1980 
Rockville Room, Sheraton Washington Hotel at 2:00 P.M. 
S. Steadman, presiding 


BG 1 Kaon Production in Relativistic Heavy Ion Col¬ 
lisions.* S. SCHNETZER, M. C. LEMAIRE,+ R. LOMBARD, E. 
MOELLER, S. NAGAMIYA, G. SHAPIRO, H. STEINER, I. TANI- 
HATA, Lawrence Berkeley Laboratory .--We have measured 
the inclusive K + production cross sections in collisions 
of 2.1 GeV/N Ne on NaF and Pb. The K + has a large mean 
free path in nuclear matter, 5-6 fm. It therefore suf¬ 
fers fewer multiple collisions than either pions or 
protons and thus may provide more information on the 
early stages of the interactions. The kaons were iden¬ 
tified by measuring their time of flight and bending 
angle in a magnetic spectrometer. Lead glass was used 
to detect the K + decays and to provide a "Kaon Trigger." 
Measured cross sections at angles from 15° to 80° will 
be presented. These data show kaons produced at angles 
much larger than allowed in free N-N collisions. An 
examination of whether these data can be explained by 
incorporating Fermi motion and multiple collisions will 
be given. 

*Work supported by U.S. Department of Energy. 
tPresent Address: D.Ph.N.B.E., CEN de Saclay, France. 

BG 2 Coulomb Effects on Pion Production in Heavy 
Ion Reactions* J.0. RASMUSSEN, J. BISTIRLICH, H. BOWMAN, 
K.M. CROWE, K. FRANKEL, 0. HASHIM0T0, M. KOIKE, C.J. 
MART0FF, J. PETER, J. SULLIVAN, W.A.ZAJC, Lawrence 
Berkeley Laboratory**, W. BENENS0N, G. CRAWLEY, J. 

NOLEN, E. KASHY, MichiganState U. , J. QUEBERT, 

Bordeaux U.— We have earlier shown with a 180° - 
focal plane pion spectrometer that there is a very 
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large ratio of produced near the incident beam 

velocity in heavy ion reactions with beam energies 
around 400 MeV/nucleon. This large ratio seems to be 
due to coulomb interactions between the fragments of 
the incident projectile and the pions. In a new ex¬ 
periment with 1.05 GeV/n 40 Ar we measured the produc¬ 
tion cross section for tt" and tt + at low pi on energies 
at 90° in the C.M. We discuss the implications toward 
understanding the charge evolution in heavy ion 
reactions and the enhancement of tt + production at 90° 
in the C.M. observed in the reactions of 1.05 GeV/A 
Ar+KCl 1 and 0.8 GeV/A Ne+NaF. 2 
♦Submitted by J.0. Rasmussen 

♦♦Work supported by the Nuclear Physics Division of the 
U.S. Dept, of Energy under Contract No. W-7405-ENG-48. 
*K. L. Wolf, et al, Phys. Rev. Lett. 42, 1448 (1979). 

2 J. Chiba, et al, Phys. Rev. C20, 1332 (1979) 

★ 

BG 3 Two-Pion Correlations in Heavy Ion Collisions 
W. ZAJC, J. BISTIRLICH, R. BOSSINGHAM, H. BOWMAN, C. 
CLAWSON, K. CROWE, J. INGERSOLL, M. KOIKE, C. MARTOFF, 

J. MILLER, J. RASMUSSEN, J. SULLIVAN, Lawrence 
Berkeley Lab.** , and P. TRUOL, U. Zurich- -We have 
momentum analyzed ^000 pi on pairs from the reaction 

I. 8 Gev/A 40 Ar + KC1 -+ 2ttX. The pair distribution 
function shows an enhancement at low relative momen¬ 
tum, in accord with Bose-Einstein statistics. 

Coulomb corrections are made for both the pi-pi 
interaction and for the nuclear charge. The pos¬ 
sibility of determining source size and/or coherence 
will be discussed. 

♦Submitted by Kenneth M. Crowe 

♦♦This work was supported by the Department of Energy. 

BG 4 Production of New, Neutron-Rich Isotopes in 
210 MeV/A~ 4o Ca + Be Collisions , JOHN STEVENSON AND P. 
BUFORD PRICEt, Univ. of CA, Berkeley .—Using the zero- 
degree spectrometer at the LBL Bevalac, we have measured 
cross sections for the production of extremely neutron- 
rich isotopes of C,N,0,F, and Ne in projectile-fragmen¬ 
tation reactions of 210 MeV/A 48 Ca + Be. Fragments 
transmitted through the spectrometer are brought to rest 
in a large stack of Lexan detectors. Charge, mass, and 
energy are determined from the track etch rate, lateral 
position in the stack, and range. Cross sections and 
results of the search for new, neutron-rich isotopes 
will be presented. 

+ Also LBL. 

BG 5 Nucleus-Nucleus Total Reaction Cross Sections 
and the Geometrical Limit .* R. DEVRIES, N. DIGIAC0M0, 

J. PENG. W. SONDHEIM, AND J. SUNIER, Los Alamos 
Scientific Laboratory ; C. GRUHN AND H. WIEMANN, 

Lawrence Berkeley Laboratory ; J. CRAMER AND R. L0VEMAN, 
Univ. of Washington .--It is commonly assumed that the 
nucleus-nucleus total reaction cross section (or) 
saturates at a geometrical limit at medium and high 
incident energies. Very few attenuation measurements 
exist to test this assumption but these data along with 
values derived from elastic scattering data suggest, 
instead, that cjr(E) varies rapidly with incident energy. 
Such a rapid energy dependence is found in the nucleon- 
nucleon and nucleon-nucleus systems. In order to study 
this question, we have performed or measurements at LBL 
with a particles on 12 C and 208pb in the energy region 
60< Ei/n< 150 MeV/n. The attenuation technique was 
employed yielding results which will be compared with 
other data and the exp-cted geometrical value. 

♦Work supported by the U.S. Department of Energy. 

BG 6 A Microscopic Calculation of Nucleus-Nucleus 
Total Reaction Cross Sections.* J. C. PENG, N. J. 
DIGIAC0M0, AND R. M. DEVRIES, Los Alamos Scientific 
Laboratory.--In an effort to understand the energy 
dependence of nucleus-nucleus total reaction cross 
sections, we are attempting to describe this quantity in 
a realistic microscopic manner. The calculations, based 
on the nucleon-nucleon total cross sections and nuclear 
charge densities, explicitly include the effect of the 


Coulomb potential, real nuclear potential, Pauli 
blocking and Fermi motion. The results are compared to 
the existing data and conclusions are drawn concerning 
the role of the nucleon-nucleon interaction in nucleus- 
nucleus collisions. 

♦Work supported by U.S. Department of Energy. 

BG 7 Study of Multi-Pion Final Spates in 1.8 GeV/n 
Ar+KCl Collisions with a Central Trigger.* A. SANDOVAL, 
J. V. GEAGA, J. W. HARRIS, L. S. SCHROEDER, R. STOCK, 
and K. L. WOLF, Gesellschaft fur Schwerionforschung , 
Lawrence Berkeley Laboratory , and Argonne National 
Laboratory --To study the effects of the extreme tem¬ 
perature and density achieved during the head on colli¬ 
sion of two heavy ions at very high energies,on the pro¬ 
duction of pion^we have completed a high statistics ex¬ 
periment using the LBL Streamer Chamber to explore cen¬ 
tral collisions (b£ 2.4 fm) of the Ar+KCl system at 
1.8 GeV/n. This trigger selection corresponds to 
<M Total >= 42 and <M 7T -> = 6.4. Events with at least 5 
negative pions have been measured and reconstructed. 
Momentum spectra and correlation functions will be pre¬ 
sented. In addition, preliminary results on neutral 
strange particles (KO,AO) production will be discussed. 

* Work supported by the Nuclear Physics Division of the 
Department of Energy under Contract W-7405-ENG-48. 

BG 8 Projectile Fragmentation Accompanied b.y 
Incomplete Fusion . J.R. WU and I.Y. LEE, Oak Ridge 
Nat, Lab .*—A model calculation based on projectile 
fragmentation, pre-equilibrium emission and evaporation 
emission is formulated to describe the particle- 
particle angular correlations and particle-gamma corre¬ 
lations observed in complex projectile induced 
reactions. The reaction is assumed to take place in 
two steps. The projectile (p) breaks up in the first 
step producing a fast ejectile (x), while the remainder 
(f) of the projectile fuses with the target (A). In 
the second step, the composite nucleus (f+A) decays via 
particle and y emission i.e. P + A -+ x + R*, R* -+ y + 
anything. The comparison of calculations and experi¬ 
mental data for 16 0Gd( 12 C,axn) 168 ~ x Er reactions at E = 
90, 120, 160 and 200 MeV will be presented. 

♦Operated by Union Carbide Corp. under contract W-7405- 
eng-26 with the U.S. Department of Energy. 

BG 9 Gamma Rays from the 12 C + 60 Ni Reaction at 194 
MeV . M.J. MARTIN, J.B. BALL, F.E. BERTRAND, R.L. 
FERGUSON, C.B. FULMER, I.Y. LEE, R.L. ROBINSON, G.R. 
YOUNG, Oak Ridge Nat. Lab.* , J.C. WELLS, JR., Tennesee 
Tech. U. , and H. YAMADA, Vanderbilt U. —Observation of 
significant numbers of Z=1 particles with energies 
greater than the average energy per nucleon in the pro¬ 
jectile, emitted in the bombardment of 56 Fe with 192- 
MeV 12 C ions, has been reported. 1 To study the 
mechanism producing these particles, an experiment to 
measure coincidences between heavy ions (telescope at 
+17°), light ions (38°, 17°, -23°, -49°), y-rays [Ge(Li) 
at +45°, -125°] and y-ray multiplicity has been per¬ 
formed. Comparison of the y-spectra in coincidence with 
particles recorded by the light ion (Z-1,2) and heavy 
ion (Z=l-6) detectors will be presented. Gamma-proton 
coincidence spectra indicate that many target-like resi¬ 
dual nuclei are produced, all with abundance £ 4%. 
Coincidence spectra for E p > 30 MeV and E p = 16-30 MeV 
show no significant differences. H 

*0perated by Union Carbide Corporation under contract 
W-7405-eng-26 with the U.S. Department of Energy. 

Ij.B. Ball, C.B. Fulmer, M.L. Mallory, R.L. Robinson, 
Phys. Rev. Lett. 40, 1698 (1978). 


BG 10 Comparison of Neutron Emission in the 12 C + ^Gd 
and T3c + lb/Gd Reactions at 12 MeV/Nucleoru A GAVRON, 

R. L. FERGUSON, F. E. OBENSHAIN, F. PLASIL, G. R. YOUNG, 
3RNL,* G. A. PETITT, Ga. State U. , K. A. GE0FFR0Y, H. 
JAASKELAINEN, D. G. SARANTITES, Washington U. , and C. F. 
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MAGUIRE, Vanderbilt U.- -Fast components exist in neutron 
spectra associated with certain evaporation residues (ER) 
roduced in the ' 2 C + '^°Gd reaction at 152 MeV.! 
ifferences in neutron spectra resulting from the use of 
a projectile with a much lower neutron binding energy are 
being investigated in an effort to distinguish among 
Various models of nonequilibrium particle emission. The 
reactions 12 C + 158 Gd and + 157 Gd have been studied 
at 12 MeV/nucleon. Energy and angular distributions of 
neutrons associated with ER or with deeply inelastic pro¬ 
ducts (DIP) have been measured. ER were identified either 
by the time-of-flight method using surface barrier de¬ 
tectors or by means of characteristic y-rays . DIP were 
measured with a AE-E telescope, and neutron energies were 
obtained by means of eight scintillation detectors using 
the time-of-flight technique. 

♦Operated by Union Carbide Corporation for the U. S. 
Department of Energy. 

( L. Westerberg et al., Phys. Rev. C J8, 796 (1978). 

BG 11 Light Ion-Light Ion Coincidence Measurements in 
Rpar.t.ionsof 194-HeV l^r. with °°Ni. G.R. YOUNG. R.L. 

AUBLE, J.B. BALL, F.E. BERTRAND, R.L. FERGUSON, C.B. 

FULMER, I.-Y. LEE, M.J. MARTIN, R.L. ROBINSON, and J.R. 

WU, ORNL* , J.C. WELLS, Tenn. Tech. U. , and H. YAMADA, 
Vanderbilt U. —Measurements were made of coincidences 
among energetic light (Z=l,2) ions emitted in reactions 
of 194-MeV 12 C with 60 Ni. Four aE-E telescopes, with 
Si AE sections and NaI(Tl)E sections, were placed at 
-49°, -23°, 17°, and 38°. Protons of Ep > 16 MeV and 
a's of E a > 60 MeV were detected. Coincident energy- 
energy spectra were obtained for all pairs of light 
ions and all telescope pairs. No events were found 
whose total kinetic energy (TKE) approached the projec¬ 
tile energy, and only a few p-p events with TKE > 100 
MeV and a-a events with TKE > 150 MeV were present. No 
strong correlation between the shape of the coincident 
ion's energy spectrum and the energy of the gating ion 
was observed. Listing the gating ion first, p-p and a- 
p angular correlations are broad, with a FWHM > 70®, 
while p-a and a-a correlations are narrower (FWHM i 
40°) and peaked near 0°. 

♦Operated by Union Carbide Corp. under contract 
W-7405-eng-26 for the U.S. Department of Energy. 

BG 12 Proton, Deuteron and Triton Angular Distributions 
from Massive Transfer Reactions. A. C. KAHLER, D. R. 
ZOLNOWSKI, T. INAMURA, J. M. PIERCE and T. T. SUGIHARA, 
Texas A&M U.* —We have observed non-equilibrium light 
(Z = 1) particles coincident withY rays from 158 Er 
following the reaction of 165-MeV T4 jj ions with 154g m . 
Particle telescopes were placed in the forward direction 
and covered an angular range from 7°-51° (lab). The 
proton angular distribution is very similar to that 
reported previously for a particles accompanying massive 
transfer reactions,! i.e., bell-shaped with a maximum in 
the vicinity of 15°. In contrast, the Y-coincident 
deuteron and triton angular distributions rise mono- 
tonically as a function of decreasing angle. A dis¬ 
cussion of these data within the framework of direct 
reaction models will be presented. 

♦Supported in part by the Department of Energy and the 
Robert A. Welch Foundation. 

^A. c. Kahler et al. , International Symposium on 
Continuum Spectra in Heavy Ion Reactions, San Antonio, 
December 3-5, 1979. 

BG 13 Light Particle Production in Interactions of 
20 MeV/u~ ig O with 19T Au and Z3a U ,* T. AWES C.K. GELBKE 
Mich. State Univ ., B. BACK, G. GLAGOLA, K.L. WOLF, 

Argonne National Laboratory , and H. BREUER, A.C. MIGNEREY, 
V.E. VIOLA, University of Maryland .—Energy spectra 
of p,d,t and orparticles at lab angles from 15° to 140° 
have been measured in coincidence with fission fragments 
from the reaction of 20 MeV/u 16 0 with 23 8 U. We are 
able to divide the cross section into central and periph¬ 
eral collisions by using recoil information obtained 
from the angular opening between the two fission frag¬ 
ments. Also measured were inclusive spectra of^rdrt 
and a-particles produced in the interaction of O with 


197 Au at 20 MeV/u. These spectra were measured at 16 
different lab angles from 20° to 145° yielding angular 
information on the relative production of these light 
particles. These new results will be presented and 
discussed. 

♦National Science Foundation Grant No. Phy 78-22696. 


Supplementary Program 
BG 14 

Excitation Function for it- Production in High 
Energy Heavy Ion Interactions. * A. SANDOVAL, J. V. 
GEAGA, J. W. HARRIS, R. RENFORDT, L. G. ROSENBERG, L.S. 
SCHROEDER, H. E. STELZER, R. STOCK, and K. L. WOLF, 
Geseilschaft Fur Schwerionforschung , Lawrence Berkeley 
Laboratory, Argonne National Laboratory and U, Marburg , 
--We have measured a ir excitation function for the 
Ar+KCl system in 0.2 GeV/n steps from 0.4-1.8 GeV/n 
using the LBL Streamer Chamber in two different trigger 
modes. The inelastic trigger corresponded to essen¬ 
tially all impact parameters b <7.7 fm, while the cen¬ 
tral trigger restricted the impact parameter to be 
b < 2.4 fm. For each event the exclusive Trmultiplicity 
Mtt“ and the total charged particle multiplicity were 
determined. We find a linear relationship between 
< M “ > and bombarding energy. The implication of this 
and comparison with theory will be presented. 

♦Work supported by the Nuclear Physics Division of the 
Department of Energy under Contract W-7405-ENG-48. 


■ SESSION BH: PARTICLE THEORY 
Monday afternoon, 28 April 1980 
Forum Room, Shoreham-Americana Hotel at 2:00 P.M. 

H.R. Quinn, presiding 

BH 1 Generalized Phase Factors and the Gauge-Invari¬ 
ant Interaction of Dirac Particles . WELDON J. WILSON, 
Oklahoma State U .—By exploiting the representation 
independence 1 of the Dirac equation, the nonintegrable 
phase factor approach to interactions 2 * 3 can be general¬ 
ized in the case of a Dirac particle. The results 
differ substantially from those obtained in the 
SchrBdinger theory and allow Dirac particles to be 
characterized by two fundamental couplings. A local 
U(l) x SU(4) symmetry arises in a natural fashion along 
with the corresponding gauge fields. Some possible im¬ 
plications for strong interactions and the stability of 
Dirac particles are suggested. 

!j.J. Sakurai, Advanced Quantum Mechanics (Addison- 
Wesley, Reading, 1967) p. 83f. 

2 P.A.M. Dirac, Proc. Roy. Soc. Lond. A 133 , 60 (1931). 
3 T.T. Wu and C.N. Yang, Phys. Rev. D12, 3845 (1975) and 
references therein. 

BH 2 Conformal Symmetry in the Weyl Theory . 

S.B. BERBER, TRVf Systems Group, Washington Operations, 
McLean, Virginia. --The well known finite dimensional 
representation of the conformal and Poincare groups in 
terms of Dirac matrices is investigated. It is sug¬ 
gested that this representation may be related to a 
physical description of the Weyl neutrino with certain 
novel features.! Two momentum operators are defined: 
one has commuting components but is nil potent and non- 
Hermitian; the other has anticommuting components, is 
Hermitian, and is not nilpotent, Analysis of these 
operators suggests a connection between translations 
and rotations in this massless theory. However, a non- 
Euclidean geometry must come into play if translations 
are generated by a momentum operator with non-commuting 
components. 

^S.B, Berger, L«tt. Nuovo Cimento Vl_,89 (1974). 


BH 3 Monte-Carlo Study of Z(N) and U(l) Gauge 
Theory in 3 Dimensions^ GYAN BHANOT, Brookhaven 
National Laboratory.* — A study of Z(N) and compact 
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U(1) lattice gauge theories in three dimensions by 
computer analysis of their dual spin systems will be 
presented. Evidence will be presented for a single 
transition in Z(N) that moves to zero temperature as 
N -v oo. The U(l) theory will be shown to have a simple 
confining phase with linear binding. Implications 
of the study for quark confinement will be discussed. 

* Supported by the U. S. Department of Energy under 
Contract No. DE-AC02-76CH00016 

BH 4 Scalar-Meson Dominance and the Decay ri '-httht . 

G. W. INTEMANN, Seton Hall U .—A general scalar- 
meson-domiriance model, based on various quark model 
descriptions of the 0 + nonet is used to describe 
the electromagnetic decay mode ri'-*irrnr. Predictions 
for the decay width and Dalitz slope parameter 
will be presented and compared with the available 
experimental data. 

BH 5 Where Have All The Resonances Gone? * 

An Analysis of Baryon Couplings in a Quark Model 

with Chromodynamics . ROMAN KONIUK, and NATHAN ISGUR 
U. of Toronto .**— We report on the results of an 
extensive analysis of baryon couplings in a quark 
model with chromodynamics, encompassing the pseudo¬ 
scalar and photon decays of the states associated 
with up to two orbital or one radial excitation in 
the non-relativistic quark model. The amplitudes which 
emerge from the analysis resolve the problem of "missing" 
baryon resonances by showing that a very large number 
of states essentially decouple from the partial wave 
analyses; those resonances which remain are in remarkable 
correspondence to the observed states in both their 
masses and decay amplitudes. 

*Submitted by NATHAN ISGUR 

♦♦Supported in part by the Natural Sciences and Engineering 
Research Council of Canada 

BH 6 Inclusive Hadron Production in the 
Recombination Model.* F. Amiri, Florida State 
University .—Results are presented from a phe¬ 
nomenological analysis of low p^ high energy 
inclusive hadron data. Using a version of the 
recombination model, fits have been obtained 
for charged hadron production using a variety 
of beam particles. Various results including 
a determination of the pion structure function 
will be presented. 

♦Submitted by J.F. Owens 

BH 7 Variational Calculation of the Three (Non- 
Strange) Quarks Bound in Relative S States . B. W. DOWNS, 
Univ. of Colorado , and B. RAM, New Mexico State U .—We 
take the qq(qq) potential to consist of a Coulombic part, 
a linearly rising part, and a spin-dependent part. Two 
of the four parameters are determined from the qq' states 
ri and p. The variational calculation for the three-body 
system is performed using triangular coordinates and 
simple exponential wave functions. The results will be 
presented and discussed. 

BH 8 Three-Jet Charge-Conjugation as a Test of the 
Trigluon Coupling *J.D. STROUGHAIR, R.W. BROWN, and 
E.M. HAACKE, Case Western Reserve U .** — We calcu¬ 
late, to lowest order in QCD, the charge-conjugation 
asymmetries in three-jet production from hadron-hadron 
collisions. These asymmetries depend interestingly on 
the presence of the trigluon coupling; we will make 
comparisons with the results of alternate theories. 

The asymmetry can be a sensitive test of the non- 
Abelian nature of the gluon. 

* 

Submitted by J.D. Stroughair 
**Supported by NSF Grant No. 78-08883 
C.W.R.U. Alumni Fund. 

BH 9 The Potential Energy of Three Heavy Quarks.* 

A.T. AERTS and L. HELLER, Theor. Div., LASL— In an 
adiabatic approximation to the MIT bag model, the color- 


singlet 3 quark system is studied. An expression for 
the potential energy U as a function of the positions 
of the quarks in configuration space is given. It con¬ 
tains, in addition to two-body terms, contributions 
which depend on the positions of the three quarks simul¬ 
taneously. U is used as a potential energy term in a 
nonrelativistic Schrodinger equation to obtain the mass 
spectrum of baryons containing three heavy, slowly mov¬ 
ing quarks. As applications, the triply strange (£2”) 
and charmed baryon cases are considered. 

*Work supported under the auspices of the Department of 
Energy. 

BH 10 QCD Predictions for Parton Fragmenta ¬ 
tion into Two or More Hadrons. * K. Lassila, M. 
Puhala and U. Sukhatme, Ames Lab, Iowa State U. 
At our present level of understanding of par- 
tons and QCD, the existence of jets is a 
manifestation of a poorly understood aspect, 
confinement. To gain better, if not complete, 
knowledge of jet structure one must obtain more 
information than is contained in the single 
particle fragmentation function. Therefore we 
have deduced the evolution equation in Q 2 for 
the fragmentation function d •-►h. h 2 (x 1 , x 2 ?Q Z ) 
for a parton j (quark or gl-taon) possessing 
momentum fraction x. and x~ of the initial 
parton momentum. The solution of this equation 
is found in terms of double moments of D. + h-jh- 
and inversion yields the distribution 3 as 1 a 
function of x. and x 2 . We were able to extend 
this approach to further deduce the evolution 
equation for the general fragmentation func¬ 
tion, D. hadrons. Our predictions may lead 
to useful tests of QCD, for example, in jets 
produced in neutrino reactions. 

♦Submitted by K.E. Lassila 

1. R. Orava, private communication. 

BH 11 A Geometric Approach to Spontaneous Symmetry 
Breaking .* G. SAMMELMANN, University of Texas at Austin . 
A geometric viewpoint of spontaneous symmetry breaking 
is presented. This viewpoint represents a global defi¬ 
nition of symmetry breaking in the context of principal 
fibre bundles. The spontaneous breaking of the gauge 
group G to a subgroup H is shown to be specified by a 
map £:Bq ■* G/H from the principal bundle Bq, defined 
over the spactime manifold M, into the left coset space. 
The map £ is interpreted as the Goldstone Boson. I then 
show that the above geometric treatment is locally 
equivalent to the usual procedure 1 and to the method of 
non-linear realizations. 2 
♦Submitted by L. C. Shepley. 

l E. S. Abers and B. W. Lee, Phys. Rep. 9, No. 1 (1973). 
2 L. N. Chang and F. Mansouri, Phys. Rev. D 17 , 3168 
(1978). 

BH 12 On the Interpretation of Multiquark Bag States 
as Primitives .* C. W. WONG and K. F. LIU, University 
of California, Los Angeles.--Recently Jaffe and Low* 
have suggested that the multiquark bag states of the 
MIT bag model of hadrons are to be interpreted as 
"primitives," i.e. " eigenstates subject to perhaps 
artificial confining boundary conditions." 1 We would 
like to suggest, with the help of a simple model of 
multichannel potential scattering, that the presence 
of such primitives or nodal states implies the exist¬ 
ence of multiquark states which are true resonances. 

The circumstances under which bag states might be 
rough approximations to these resonances are studied. 
Experimental evidence of di-meson and di-nucleon bag 
states are presented and discussed. 

* 

Research supported partially by NSF Contract PHY78- 
15811. 

*R. L. Jaffe and F. E. Low, Phys. Rev. D19, 2105 (1979). 
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BH 13 

On the Unification of Quark Theory, Relativity, and Quantum 

Mechanics. ENOS E. WITMER, University of Pennsylvania — 

The integers 3 and 4, which are resepctively the number of 
dimensions of space and space-time, play a dominant role 
in the basic theory of fundamental particles, elementary 
particles, and nulcei. I call the integers 3 and 4 and 
other integers derived from them the space-time magic 
numbers . Among them are 6, 6 2 , 6 3 , 136, (6 Z + l), (6 2 + l) 2 , 
and the integral powers of the integer 2. This idea enables 
one to understand the occurrence of the integer 3 at many 
strategic places in quark theory, such as the fact that 
no elementary particle is composed of more than 3 quarks 
(omitting color). A very impressive relationship involving 
integers, selected from many others, is the nuclear formula 
M(A,Z)/M(y)=(49+4)A/6 - 49/12 for A >_ 6 3 , where M is the 
symbol for mass. The great accuracy of this formula is in¬ 
dicated by a probability of 10“ 170 . All of this leads to 
the conclusion that the concepts of space, time, and par¬ 
ticles must now be merged in a new synthesis . A completely 
new theory with these new concepts will arise, in which 
the space-time magic numbers will appear as a logical con¬ 
sequence of that theory. The evidence for that statement 
is contained in my new book. Space-time and Microphysics - 
A New Synthesis, University Press of America, 1979* 


examined in an attempt to assess the reliability of the 
inferred elemental abundance estimates. 

Submitted by J.H. SWANK 

Also Dept. Physics & Astronomy, Univ. of Maryland 

BI 4 Transfer of Radiation Near the Cyclotron 
Resonance of a Hot , Strongly Magnetized Plasma * R. W. 

BUSSARD, F. K. LAMB, and D. D. PAKEY, U. of Illinois — 

We consider an idealized model of the physical conditions 
at the base of an accretion column of a pulsating X-ray 
source. In this model, the magnetic field, particle 
densities, and electron momentum distribution are assumed 
spatially homogeneous. The transfer equations for X-ray 
photons at or near the cyclotron resonance are studied, 
first assuming pure scattering and then with collisional 
creation and destruction of line photons included. The 
boundary conditions imposed on the radiative transfer 
equation by the geometry of the region are also dis¬ 
cussed. We describe both simple solutions obtained by 
analytical methods and numerical solutions obtained by 
an iterative technique, with emphasis on the spectral 
variation with magnetic polar angle predicted by the 
model, and the implications for pulse phase spectroscopy 
of X-ray sources. Finally, we compare our calculations 
with those of other workers. 


I SESSION BI: X-RAY ASTRONOMY 
Monday afternoon, 28 April 1980 
Tudor Room, Shoreham-Americana Hotel at 2:00 P.M. 

R. Novick, presiding 

BI 1 High Resolution X-ray Images of the Crab and Vela 
Pulsars . * F.R. HARNDEN, JR., P. HERTZ, P. GOREN- 
STEEN, J. GRINDLAY, E. SCHREIER, and F. SEWARD, 
Harvard-Smithsonian Center for Astrophysics ** - - 
These two pulsars appear as point-like objects surrounded 
by diffuse nebulae of arcmin size. The detailed surface 
brightness distributions of the two nebulae will be compared 
and contrasted. Each object is also being observed 
repeatedly (at 6 month or 1 year intervals) in an effort to 
detect temporal changes in the structure of the arcmin 
nebula surrounding the pulsar. 

* Submitted by F.R. Harnden, Jr. 

**Supported by NASA contract NAS8-30751. 

BI 2 X-Ray Images of Supernova Remnants .* K.S. LONG, 
R. PISARSKI, and R.L. WHITE, Columbia U .**—The imaging 
proportional counter aboard the Einstein Observatory 
has been used to obtain spatial maps (1.7 T FWHM) of a 
number of galactic supernova remnants. The images can 
be divided into two broad categories: those which are 
shell-like such as Tycho's SNR, Kepler's SNR and RCW86 
and those which are diffuse, peaking but not strongly 
concentrated near the center of the remnant, 3C400.2, 
HB3, W28. In the former, the size of the shell and, in 
some cases, the detailed X-ray morphology resemble the 
radio structure. There is, in particular, no evidence 
for a reverse shock or electron diffusion ahead of the 
shock. The latter class, presumably, represents 
remnants which have evolved until the shock velocity is 
insufficient to generate X-rays, despite their being no 
larger than the Cygnus Loop, which exhibits fairly 
prominent shell structure. 

*Submitted by R. NOVICK. 

♦♦Supported by NASA Contract NAS8—30753. 


BI 3 * Can We Estimate Elemental Abundances in X-Ray 
SNR? R.H. BECKER** and S.S. HOLT, NASA/GSFC— X-raydata 
?rom the Einstein Solid State Spectrometer have revealed 
strong X-ray line emission in the spectra of SNR. Com¬ 
parisons with models for the emission from a hot plasma 
in collisional equilibrium (Raymond and Smith 1977, 

Ap. J. Suppl. 35^ 419) suggest significant differences in 
elemental abundances among the remnants. However, if the 
assumption of collisional equilibrium is inappropriate, 
the results are ambiguous. Data from a number of SNR are 


♦Research supported by NASA Grant NSG 7653. 

BI 5 Neutron Star Evolution : Confronting Theoretical 
Cooling Curves with Results from the Einstein Observatory . 

K. A. VAN RIPER, U. of_ Ill. and D. Q. LAMB, U. of Ill. 
and CFA — We present the results of neutron star cooling 
calculations and compare them with the upper limits on 
surface temperatures available from X-ray observations. 
Our calculations incorporate the best available micro¬ 
physics, in terms of superfluid parameters, neutrino 
emissivities, and radiative and conductive opacities. 

We consider possible cooling by the emission of neutrinos 
from a pion condensate and from the (3-decay of free 
quarks in the core of the neutron star. All general- 
relativistic effects are included. We have computed 
cooling curves for 1.4 M 0 stars with soft and stiff equa¬ 
tions of state and for several values of the surface mag¬ 
netic field. The current upper limits on the tempera¬ 
tures of the Crab and Vela pulsars are consistent with 
the "standard" cooling models, as are the limits on the 
temperatures of any neutron stars which may be in the 
young SNR's Cas-A, Tycho, and SN1006. We discuss the 
most serious limitations of current cooling calculations. 
This research was supported in part by the NSF under 
grant PHY78-04404, by NASA under contract NGR22-007-272, 
and by the Los Alamos Scientific Laboratory, where yiany 
of the calculations were carried out. 

BI 6 Cyclotron Absorption vs. Emission in X-ray 
Pulsars*. P. MESZAROS s NASA /GSFC and J. KIRK, MPI- 
ASTROPHYS .—We present new calculations of the scatter¬ 
ing and bremsstrahlung absorption cross sections in a 
strong magnetic field, including vacuum polarization 
and thermal effects for a one-dimensional Maxwellian 
gas, incorporating the normal mode structure of the 
medium. We discuss the radiative transfer in a simpli¬ 
fied neutron star atmosphere, illuminated by a black- 
body from below, at frequencies around the cyclotron 
resonance fiouH = 55(B/4.4xlO l2 G) keV, and compare 
theoretical cyclotron line profiles with the observed 
Her X-l line feature. While we were unable to achieve 
a satisfactory fit under the absorption hypothesis, we 
obtain reasonable agreement with the observations using 
an emission fit, with an atmosphere of dimension 
d = 10 B cm, temperature T = 30 keV, density n e = 

10 2 o cm” 3 , and background blackbody temperature 
T B = 5 keV. 

♦SUBMITTED BY: R. RAMATY 

tAlso, University of Maryland, Dept, of Phys. and 
Astronomy, College Park, MD; on leave from MPI 
Astrophys., Garching. 
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BI 7 X-Ray Emission from Radio Pulsars .* D.J. HELFAND, 
G.A. CHANAN, and R. NOVICK, Columbia U.* *—The detection 
of thermal radiation from neutron stars is of considerable 
importance to the study of neutron star matter, neutron 
star structure, and pulsar magnetospheres. To this end, 
we have undertaken a program of radio pulsar observations 
with the Einstein Observatory X-ray telescope. In two 
cases, we have detected X-ray sources coincident with 
radio pulsars. The nearby (D = 160 pc) object PSR 1642-03 
(P = 0.39 s) has a 0.1-4.5 keV flux of ~2 x lO"" 13 erg 
cm” 2 s" 1 , implying an effective surface temperature of 
~3 x 10 5 K. The short-period pulsar PSR 1055-52 
(D = 1100 pc; P = 0.19 s) is ~10 3 times more luminous, 
radiating ~10% of its spin-down energy in soft X-rays. 

In this case, T is -1.2 x 10 6 K—much too high to be ex¬ 
plained as residual heat of formation according to current 
cooling calculations, implying that some ongoing heating 
of the star through crust-core friction, starquakes, etc., 
must be occurring. Alternatively, the radiation may arise 
from a hot polar cap region or may be of nonthermal 
origin. Further results on these sources, and a 
discussion of the theoretical implications of the data, 
will be presented. 

*Submitted by R. NOVICK 

**Work supported by NASA Contract NAS8-30753. 

BI 8 Einstein Observations of the Orion Nebula .* 

W.H.-M. KU, G. CHANAN, Columbia U. , M. SIMON, S.U.N.Y.- 
Stony Brook , and P. CHARLES, U.C. Berkeley .**—Recent 
observations of the Orion Nebula, using both the IPC and 
HRI imaging instruments aboard the Einstein Observatory, 
have revealed the presence of many point sources of X-ray 
emission. While two early-type supergiants, GjC and 
1 Orionus, account for approximately half of the total 

O. 5-4 keV X-ray emission from this region, 9 x lO -11 erg 
cm" 2 , the rest of the emission can be identified with 
more than 50 different variable premain sequence stars in 
the Orion Nebula. X-ray and optical positional 
coincidences of better than 2" foremost of the stronger 
sources confirm our earlier suggestion that nebular 
variables form a new class of X-ray sources (Ku and 
Chanan. 1979, Ap. J., 234 , L59). X-ray brightness 
variations on time scales of hours to days are found to 
be characteristic of several of these sources, and 
results of a search for correlated X-ray and optical 
activity will be presented. In addition, X-ray proper¬ 
ties of these objects will be compared to available 
optical data in an attempt to understand the nature of 
the X-ray emission. 

*Submitted by R. NOVICK 

**Work supported by NASA Contract NAS8-30753. 

★ ** 

BI 9 X-Ray Observations of Gamma Cas. N.E. WHITE , 
S.S. HOLT, E.A. BOLDT, and P.J. SERLEMITSQS, NASA/GSFC— 

We have used the X-ray detectors on HEAO 1 and Einstein 
to study the X-ray properties of the Be star y Cas 
(2S0053+604). The flux is highly variable by ^ 50% on a 
timescale of 15 minutes. We find no evidence for X-ray 
pulsations from 20 mS to ~ 40 minutes. The X-ray spectrum 
is a 14 keV thermal. The optical characteristics of 
y Cas are very similar to those of another star associated 
with an X-ray source X Per (3U0352+30). The latter is a 
well known X-ray pulsar with a period of 13.9 minutes. 

We will discuss and contrast the X-ray properties of these 
two sources. 

* Submitted by S.S. HOLT 

** 

Also Dept. Physics & Astronomy, Univ. of Maryland 

BI 10 0S0-8 and HEA0-A2 Observations of 4U1907+09* . 

P. J. SERLEMITS0S and J.H. SWANK, NASA/GSFC— Following 
the recent tentative optical identification of 4U1907+09 
by the HEAO A-3 scanning modulation collimator experi¬ 
ment, we have analyzed our 0S0-8 and HEA0-A2 observations 
of this source for possible temporal and spectral clues 
that could further define its nature. The source shows 
large quasi-periodic variability but no true periodicity 
has yet been detected. Its spectrum has characteristic 


signatures seen in some binary sources. A detailed 
analysis of these observations will be presented. 

*Submitted by J.H. SWANK 

BI 11 The Galactic Component of the Diffuse Hard X-Ray 
Background .* D.C. IWAN, NASA/GSFC A *--The galactic compon- 
ent of the diffuse hard X-ray background (2-60 keV) has 
been clearly seen by the A-2 instrument on HEAO 1. This 
component, typically a few percent of the isotropic back¬ 
ground, varies strongly with both galactic longitude and 
latitude. The galactic component which is best fit by a 
temperature of 7-10 keV is much softer than the isotropic 
background (which is fit by a temperature spectrum of 
* 40 keV). 

** Submitted by ELIHU A. BOLDT 

Also Dept. Physics & Astronomy, Univ. of Maryland 

BI 12 X*-jRay Selected Active Galactic Nuclei from 
Einstein Observatory Observations .* G. CHANAN, Columbia 
IK and B. MARGON and R. DOWNES, UCLA .**—In studying the 
contributions of quasars and other active galactic nuclei 
to the diffuse X-ray background, it is important to know 
whether an X-ray selected sample of these objects will 
have properties similar to those of radio and optically 
selected samples. We are currently building up such an 
X-ray selected sample as a result of a systematic pro¬ 
gram, carried out at the Lick Observatory 3 m Shane 
reflector, of optical identification of X-ray sources 
discovered serendipitously during Columbia Astrophysics 
Laboratory Einstein IPC observations. Our sample thus 
far includes ten or more previously unreported quasars 
and Seyfert galaxies which span a red shift 
z = 0.036-1.40, magnitude V = 15-18, and absolute magni¬ 
tude M = -20 through -29. Preliminary results, 
including X-ray-to-optical luminosities, will be 
presented. 

*Submitted by R. NOVICK 

**Work supported by NASA Contract NAS8-30753 and 
NSF Grant AST 77-27745. 


BI 13 X-ray lltudisg of me Perseus Cluster of Chdastss , 

B. FABRIC A NT. p, CKTOENSTEIN, Harvard-Smithsoaian 
Center for Aatrophygicg —Wfe have at present Elnstefa 
Observatory data from the three imaging proportional counter 
fields in the Perseus Cluster, centered oh NGC 1375, 

NQC 120*5, and IC 310, These fields allow us to study diffuse 
X-ray emission out to radial distances ~ 1 ° from the center 
of the Perseus Cluster, a factor of two beyond previous 
ofos ervations. We obs erve that thi* diffu* e cluster souroe 
is mildly elliptical with a ratio of ~ 1 , 2 between the major 
and minor axis of the ellipse. Based on these measurements, 
constraints on the temperature and density profiles of the 
X-ray emitting gas will be discussed, together with the 
underlying mass distribution. 

BI 14 The X-Ray Spectrum of SMC X-l*. F.E. MARSHALL, 
R.H. BECKER w 7 N.E. WHITE**, S.S. HOLT, and A.E. 
SZYMK0WIAK**, NASA/GSFC— Strong X-ray emission from 
SMC X-l has been observed by proportional counters on 
HEA0-1 (2-60 keV) and by the Solid State Spectrometer on 
HEAO-2 (.6 - 4.5 keV). The high energy data can be well- 
represented by a single power-law while the SSS data 
shows evidence for a soft excess. There are no features 
present in the low energy spectrum placing severe con¬ 
straints on narrow line emission below 3 keV. When the 
SSS data is folded over the pulse period, the pulsed 
fraction is found to decrease markedly below 1 keV. A 
new determination at the pulse period shows that; the 
spin-up rate of SMC X-l has remained nearly constant. 

Submitted by S.S. HOLT 

Also Dept. Physics & Astronomy, Univ. of Maryland 
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BI 15 High Resolution X-ray image of the C eater oC M87 . 
P, GORKNSTEIN, E, PEtGEt^QN, D. FABHK'ANT, E, 
SCHHKIER, Kftryard-Smtthaonian Center for Astrophysics — 
An X-ray image of the central region of the gla&t elliptical 
galaxy was obtained with the high resolution detector aboard 
the Einstein Observatory. Superimposed upon the diffuse 
emission of M87’s halo, the nucleus and the brightest knot 
in the optical jet appear as the most prominent X-*ray features 
and are of comparable strength. Other details are observed 
and they can be compared to the cloud structure soea at 
optical wavelengths. Whm combined with radio and option! 
measurements, the values of X-ray flux from the knots are 
consistent with synchrotron radiation. 


■ SESSION BJ: ATOMIC CHARGE TRANSFER 
Monday afternoon, 28 April 1980 

Richmond Room, Sheraton Washington Hotel at 2:00 P.M. 

C.E. Kuyatt, presiding 

BJ 1 Electric Field Induced Quantum Oscillations , 
a Means of Determining Polarized States of Hydrogen 

Arising From Grazing Incidence Collisions . N. H. TOLK, 

J. C. TULLY, C. RAU* and J. S. KRAUS, Bell Laboratories 
—We have observed strong oscillatory structure, as a 
function of external electric field, in the elliptic 
polarization and intensity of Ha radiation following 
low-energy grazing incidence collisions of protons on 
a clean nickel crystal ( 110 ) maintained under ultrahigh 
vacuum. Concurrent theoretical analysis of the 
evolution of the populations and coherence of hydrogen 
excited states has also been performed. Comparison of 
theory and experiment has allowed determination of the 
density matrix at the instant of electron pickup. An 
intuitively appealing physical picture emerges involv¬ 
ing electron pickup into a superposition of states 
corresponding to electrons localized on the surface 
side of the proton. 

*Resident visitor from the University of Munich, Munich, 
West Germany. 

BJ 2 Charge-Capture by Near-Thermal Multi-Charged Ions. 

D.A. Church and H.M. Holzscheiter, Texas A&M Univ .* 

Pulsed and swept excitation at the cyclotron and 
drift motional frequencies permits the selective production 
and storage of a multi charged ion type in a split-ring 
Penning-type ion trap. Resonant excitation of the axial 
oscillation frequency as a function of storage time yields 
the time dependence of the ion number by means of an ion 
signal proportional to charge and number. In a gas com¬ 
posed primarily of N 2 and He near 10" 8 Torr, the initial 
N +2 population rapidly decays in = lsec to N + ions, which 
decay via charge-capture at a s lOx slower rate. On the 
other hand, He* 2 decays at a rate = lOx slower rate then 
the product He + ion in the same gas environment. 1 Ampli¬ 
fied electronic noise generated by the ion motion permits 
an ion temperature calibration. 


1 H. M. Holzscheiter and D. A. Church, Bull. Am. Phys. 
Soc. 24, 1178, (1979). 

♦Research supported by the Division of Chemical Sciences, 
U.S. Dept, of Energy, under Contract DE-AS05-78ER-6043, 
and by the TAMU Center for Energy and Mineral Resources. 

BJ 3 Investigation of Total Electron Capture Cross 
Section Additivity in C, 0, and F Bearing Gases . G. 
BISSINGER, J. JOYCE, R. LAUBERT and S. L. VARGHESE, East 
Carolina University , Greenville, NC—The magnetically- 
separated neutral hydrogen beam resulting from 2 MeV 
proton bombardment of the molecules CH 4 , CO, CO 2 , O 2 , 

CF 4 and C 2 F 5 was used to calculate total electron 
capture cross sections OgQ to relative uncertainties of 
+ 2%. The assumption of additivity to compute the 
various atomic cjec’ s f° r eac h molecule leads to 
differences of 15% for C as derived from a(CO - O 2 ) - 


a(C0 2 - 0 2 ); 7% for 0 (a(.02) - a(CC>2 - C)); and 13% for 
F (a(CF 4 - C) - o(C 2 F 5 - C 2 )); all difference %’s are 
+ 3%. 

1) L. H. Toburen, M. Y. Nakai and R. A. Langley, 

Phys. Rev. 171, 114 (1968). 

2) H. Tawara and A. Russek, Rev. Mod. Phys. 45^, 178 
(1973). 

BJ 4 Chemical Effects in Electron Capture Cross Section 
of Protons from Various Gaseous Hydrocarbons . S. L. VAR¬ 
GHESE, G. BISSINGER, J. M. JOYCE and R. LAUBERT, East 
Carolina University , Greenville, North Carolina—We have 
remeasured! to a + 2% relative uncertainty, the electron 
capture cross section per carbon atom for 2 MeV protons 
on 11 different hydrocarbon gases. With this precision, 
we find a monotomic decrease in the cross section total¬ 
ing to /^/ 10%, when the number of carbon atoms/molecule 
increases from 1 to 4. If, however, the number of H 
atoms are varied with a constant number of carbon atoms, 
we observe no significant change in the cross section. 
Hence the observed variations in this cross section 
represent a "chemical effect" of a different nature than 
that we reported for C K-x-ray yields. 2 

^S. L. Varghese, G. Bissinger, J. M. Joyce and R. 

Laubert (to be published in Nuclear Instruments and 
Methods). 

2 G. Bissinger, J. M. Joyce, J. Tanis and S. L. Varghese 
(to be published in Physical Review Letters, January 
28, 1980) 

BJ 5 Double K-Shell-to-K-shell Electron Transfer in 
Bare Ion Collisions.* PATRICK RICHARD, JAMES HALL, TOM 
J. GRAY, Kansas State U ., D. C. GREGORY, B. M. JOHNSON 
and K. W. JONES, Brookhaven National Lab .—The process 
of single target K-shell to projectile K-shell electron 
transfer, aj^, has been deduced from the charge state 
dependence of the total K x-ray production cross sec¬ 
tions for both gas and solid targets. The single K- 
shell electron transfer cross section has been taken to 
be a KK = a K2 “ a K0 w bere a^2 a nd a K0 are th e total K- 
vacancy production cross sections of the target for bare 
and more than two-electron projectiles, respectively. 

In the present experiment, a large enhancement of Ka • 
hypersatellite x rays for incident bare ions compared to 
incident one-electron ions has been observed. We pro¬ 
pose that this enhancement is due to double target K- 
shell to projectile K-shell electron transfer CT2K-2K* 

The double K-shell electron transfer cross section is 
taken as ^2 k- 2K = a K2 “ a Sl where the superscript des¬ 
ignates hypersatellite transitions. This cross section 
becomes important as Z^/Z2 approaches one. 

* 

Supported by U. S. Department of Energy, Division of 
Chemical Sciences. 

BJ 6 Second Born Calculation of Atomic Charge Transfer 

with a Peaking Approximation. * P. R. SIMONY and J. H. 
MCGUIRE, Kansas State Univ .—Second Born amplitudes for 
atomic charge transfer may be evaluated by computing a 
three dimensional integral. At high velocities the 
dominant contribution to the total amplitude comes from 
the electron interacting once with each of the two 
nuclei. Using the Bates-Born potential a new peaking 
approximation has been developed to handle the first and 
second Born amplitudes. In this peaking approximation 
all amplitudes may be evaluated in closed form. 

^Supported by the Division of Chemical Sciences, U. S. 
Department of Energy. 

BJ 7 Velocity and Target Dependence s for Charge Cap- 
ture to Continuum in High Velocity Ar'° + + Gas Target Col¬ 

lisions?—S. ELSTON, TT SELLIN, M. BREINIG, L. LILJEBY, 

R. THOE, U. of Tenn. and ORNL , R. MARRUS, H. GOULD, R. 
VANE, Lawrence Berkeley Laboratory , and R. LAUBERT, E. 
Carolina Univ i*-Using fully-stripped Ar^° + beams from the 
LBL Super-HILAC traversing He, Ne, and Ar targets, we 
have obtained momentum spectra for forward-ejected elec- 
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trons with velocities near that of the incident ion. 

We have measured yieldsproportional to cross sections, 
for capture of target electrons to projectile-centered 
continuum states, ECC. These yields are found to be a 
strong function of target; the ratios being approximately 
~1:200:500 for 8.5 MeV/u bare Ar on He, Ne, an Ar, re¬ 
spectively. The velocity dependences of the yields also 
vary significantly for these targets, being steeper for 
He than for Ne or Ar. Representing this dependence as 
Y'V'V^ 111 , leads to m^ 7 for Ne and Ar, while m*10 for He. 
♦Submitted by M. H. Prior. 

♦♦Research supported by th Fundamental Interactions 
Branch, Division of the Chemical Sciences, Office of 
Basic Energy Sciences, U.S. Dept, of Energy under con¬ 
tract No. W-7405-eng-48 and in part by the NSF and ONR. 

BJ 8 Shape of Electron Capture to Continuum Peaks for 
High Velocity Ar 1 ”** Gas Target Collisions?— C.R. VANE,R. 
MARRUS, H. GOULD, Lawrence Berkeley Laboratory, I.A. 
SELLIN, M. BREINIG, S.B. ELSTON, L. LILJEBY, R.S. THOE, 

U. of Tenn. and ORNL , and R. LAUBERT, E. Carolina Univ? * 
Fully stripped Ar ions of~15 and**l8 au velocity obtained 
from the LBL Super-HILAC were passed through thin gas 
targets and the forward emitted electrons were magnet¬ 
ically analyzed. The resulting electron velocity spectra 
were examined with respect to the shape of the continuum 
capture peak at v e =Vi on . We find that the ECC cusp¬ 
shaped peaks have widths which increase with ion velocity 
as predicted; however, the He target peaks are much nar¬ 
rower than those for Ne and Ar. The peaks are highly 
asymmetric toward low velocity for Ne and Ar targets, but 
appear to be much less so for He, in a manner unpredicted 
by theory. These results will be compared with recent 
predictions at asymptotically high ion velocity. 

♦Submitted by 

♦♦Research supported by the Fundamental Interactions 
Branch, Division of the Chemical Sciences, Office of 
Basic Energy Sciences, U.S. Dept, of Energy under con¬ 
tract No. W-7405-eng-48 and in part by NSF and ONR. 
1 R.Shakeshaft,L.Spruch, Rev. Mod. Phys.5,#2,p390(1979). 

BJ 9 Convoy Electrons fro m Solid Targets for 234 and 
340 MeV Argon Projectiles . R. LAUBERT, East Carolina 
Univ ., H. GOULD, R. MARRUS, and C. R. VANE, LBL, and I. 

A. SELLIN, S. B. ELSTON, M. BREINIG, L. LILJEBE, S. 

BERRY and R. S. THOE, Univ. of TN and ORNL .*—Electrons 
having the same velocity as the projectile and scatter¬ 
ed in the forward direction have been observed for 5.85 
MeV/amu (234 MeV) and 8.5 MeV/amu (340 MeV) argon pro¬ 
jectiles incident on thin carbon and gold targets. As 
in the case of lighter and slower projectilesl we find, 
that in comparison to gaseous targets, the velocity 
distribution for the scattered electrons from solids is 
narrower and assymetric towards the high energy end of 
the distribution. No difference in the velocity dis¬ 
tribution was observed between the carbon and gold 
targets. 

*Work supported' in part by NSF and DOE 

^R. Laubert, I. A. Sellin, C. R. Vane, M. Suter, S. B. 
Elston, G. D. Alton, and R. S. Thoe, Phys. Rev. Lett. 

41, 712 (1978). 


BJ 10 Slitless Magnetic Spectrometer for Low Energy 
Electron Spectroscopy in High Radiation Fields .* ** S.D. 
BERRY, C.R.VANE, M. BREINIG, L. LILJEBY, G.A. GLASS, M.M. 
SCHAUER, and S.B. ELSTON, University of Tennessee and 
Oak Ridge National Laboratory .-- The design, construc¬ 
tion and performance of a double focusing uniform field 
magnetic electron spectrometer, adapted from the design 
of Crewe, et al^to operate for energies of 200eV to 6keV > 
are described. Circular edges on the pole pieces pro¬ 
vide correction of median plane aberrations to second 
order. The instrument has been used recently in a high 
energy atomic collision experiment to observe 0° elec¬ 
tron capture to the continuum under conditions of high 
radiation background (8.5MeV/u Ar ions on gases) and 
large object and image sizes (Mmm) . For this case, the 
theoretical energy resolution of about 3.2% has been 


realized for electron energies from IkeV to 4.5keV, in 
the presence of nuclear background rates of under 10%. 

♦Submitted by I.A. SELLIN. 

♦♦Research supported in part by NSF, ONR, and DOE under 
^ contract W-7405-eng-26 with Union Carbide Corporation. 
1 A.V. Crewe, M. Isaacson, and D. Johnson,. Rev. Sci. Inst. 

42, 411 (1971). 

BJ 11 Messiah as Chief Scientist and Judge 5th Annual 
Message and i^OOO Challenge? ED MACKOUSE. Independent 
Research . P.0. Box 97^1. Arnold. MD 21012—1.Einstein 
gave tbe world the knowledge to produce the a toado 
bomb and nuclear power. 2.This knowledge it still too 
advanced for the Godless people. 3. Significant advance 
s have been made in Quark theory and Quantum Chromo- 
dynamics, but God gave me the only wave equation which 
gives quantitative agreement with the proton excited 
states. 4. If the people really have faith in God,. 

God will provide the resources to meet their needs, 

5* Nuclear power has had some significant political 
and scientific safety problems. 6, World War I was 
started by a single assassination among Balkanized 
states, ?• Detente meant that under the Yalta agreement 
the world was divided up. 8, After Afghanistan and 
Three Mile Island, it should be dear that no stable 
balance of power can remain without God end His servants. 
9, All so called God fearing people, the Jews,Christians 
Moslems, Hindus and others who profess moral standards, 
should carefully consider the consequences of behaving 
as_if they were God, and denying the existence of any 
higher human authority. 10, Forgive our hesitations. 

* Bulletin of the APS, p .696 , April 1979, April 1977. 

Supplementary Program 

BJ 12 Messiah as Redeemer and Judge (Cont.) ED 
MACKOUSE. Independent Research .— 16. Three million 
dollars is needed annually within a month to challenge 
and train Apostles to reestablish the spiritual founda¬ 
tion for a stable modern world. 17* My present chosen 
successors are Sonia and Jason. 18, I offered to go 
to trial to replace the Shah, with my own life and the 
life of my son. 19. Perhaps Carter could replace the 
hostages with his daughter,,and Khomeini could send his 
son to the Shah in Egypt, as a step to restore our unity 
and friendship, 20,If someone really feels that God 
committed some injustice in their case, and they can 
not be spiritually compensated after they have made 
repentance, perhaps I could give my life for that of 
God. 21, God punished the people of Iran because they 
were ungrateful and needed testing. 22. This starts 
redemption and plagues. 23, Only when we are worthy 
of dying for God and are chosen, can we return to God 
for perfect love and understanding. 24. To one who 
believes, the threat of death is only an opportunity. 

25. I wish to return to God, because I love God more 
than anyone else. 26 , The chosen 144,000 Israelite 
soldiers of God can practice evacuating the cities 
the week of July 16 to avoid plagues and pollution, 

BJ 13 Messiah as Redeemer and Judge. 5th Annual Message 
Ed MACKOUSE. Independent Research .--i, God does not wish 
to destroy Russia. 2. The Russian Zombies who invaded 
Afghanistan must return to God to live again,3*No one 
can really live without God. 4. People turn against 
God, because they feel God has done things to hurt them. 

5« God tests or punishes us only to make us stronger, 6, 
Everything that happens is part of God's plan for the 
Redemption and Judgement. 7* If Israel were obviously 
stronger than all the other nations of the world, it 
would not take faith to support her. 8. When I consider¬ 
ed the possibility of going against God, my spirit start¬ 
ed to leave my body. 10. Once a person really accepts 
God and is redeemed, it is hard to imagine how someone 
can live without faith. 11. Shut your ey1»s, tense all 
your muscles and pray to God with all your heart and 
might. 12, If you could have anything in the world that 
you want, what would you getT 1 3» If you really believed 
and were willing to give your life and the lives of 
everyone and everything that you love to God, do you 
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•till think that a od would not give you what you really to learn from God, not the Godless. 15. No matter how 

need?14. I wish to return to God, because it is possible much we wash, we still are contaminated by evil. 


I SESSION BK: SHOCK COMPRESSION OF SOLIDS II 

Monday afternoon, 28 April 1980; Executive Room, Shoreham-Americana Hotel at 2:00 P.M.; J.W. Barnes, presiding 

Invited Paper 

BK 1 High Pressure Equation of State from Electron Band Theory.* A.K. MCMAHAN, Lawrence Livermore Laboratory. (30 min.) 

Rigorous electron band theory techniques such as the augmented-plane-wave, Korringa-Kohn- 
Rostocker, and more recently the linear-muffin-tin-orbital methods, have provided remarkable 
agreement with statig, low-temperature, pressure-volume data for solids. When supplemented by 
simple models for electronic excitation and nuclear thermal motion, these methods have also 
provided good agreement with high-temperature shockwave data. Selected results are reviewed for 
the purpose of illustrating the role played by certain rapid changes in electonic structure in 
leading to anomalies in the static or shock compression curves for sane metals (Cs, La), as 

contrasted to more normal behavior for others (Al, Cu). Two closely related changes are of 

particular importance: pressure ionization, the broadening of core energy levels into bands of 
significant width; and electronic transition, the crossing of bands at the Fermi level. The 
presence of electronic transition leads to lower values of the T=0 bulk modulus and nuclear 
Gruneisen parameter than would otherwise have occurred, whereas pressure ionization and the 
cessation of electronic transition appear to increase these quantities. With these observations 
in mind, the suitability of various metals as potential high pressure standards will be 

discussed. The accuracy presently attainable in high pressure band theoretical equation of 

state calculations will also be briefly discussed. 

*Work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore 
Laboratory under contract #W-7405-Eng-48. 


Contributed Papers t 

BK 2 Shock Compression of Liquid Xe and CP ,* 

M. VAN THIEL, A. C. MITCHELL and W. J. NELLIS, 

Lawrence Livermore Laboratory ,—Liquid Xe and CD have 
been shock compressed using a two-stage, light-gas 
gun. The maximum conditions achieved in Xe were 130 
GPa and 13.7 cc/mole starting from an initial state at 
44.3 oc/mole. The data are consistent with the recent 
Xe model of Ross and McMahan, 1 which includes an 
intermolecular potential and a volume-dependent energy 
band gap which goes to zero at 9 cc/mole. The 
calculated shock temperature is 27,000 K at 130 GPa. 
Results for CO shocked to 60 GPa will also be 
presented. 

*Work performed under the auspices of the U.S. 

Department of Energy by Lawrence Livermore Laboratory 
under contract #W-7405-Eng-48. 

*M. Ross and A. K. McMahan, Phys. Rev. B 15 (to be 
published in February, 1980). 

BK 3 Equation of State of Partially-Ionized Argon ,* 

F. J. ROGERS, M. ROSS, G. L. HAGGIN and L. K. WONG, 
Lawrence Livermore Laboratory —Argon is being 
considered as the working fluid in a class of 
explosively driven, self-excited MHD generators. A 
theoretical equation of state, covering the 
temperature and density ranges attainable by these MHD 
generators, has been constructed. The database was 
constructed from two different physical approaches: 

(1) a non-ideal plasma, many-body activity expansion 
for densities less than 0.12 gn\/an 3 and (2) a 
generalized fluid perturbation theory approach for the 
denser semi-conducting fluid region. The results are 
in agreement with recent Russian shock-tube experi¬ 
ments in the 0.06 - 1.8 GPa pressure range and LLL gas 
gun and HE shock-wave experiments in the 2-91 GPa 
pressure range. 

*Work performed under the auspices of the U.S. 

Department of Energy by Lawrence Livermore Laboratory 
under contract #W-7405-Eng-48, and supported by the 
Office of Naval Research. 

BK 4 Impedance-Matching Experiments at Pressures from 
1 to 10 TPa.* C. E.'RAGAN, B'. C\ DIVEN, E. E. ROBlNS>'0tf," 
M. G. SHEERT, and W. A. TEASDALE, LASL--In a recent 
measurement, 1 we used a planar shock generated in the 
vicinity of an underground nuclear explosion to obtain 


Hugoniot data for uranium at 6.7 TPa. We are currently 
undertaking an experiment using a similar technique to 
obtain impedance-matching data for 13 samples, some 
redundant. We have designed the experiment, using de¬ 
tailed hydrodynamical calculations, to achieve a pres¬ 
sure near 5.0 TPa in the 10-mm-thick Mo standard, which 
corresponds to the following pressures (in TPa) in the 
10-mm-thick samples adjacent to the Mo: LiH(0.9), 

Be(l.8), Al(2.3), Fe(4.3), W(6.8), Pb(5.0), and U(6.7). 

In addition, samples of fused quartz, Mo, and porous 
Mo(p = 8.5 g-cm" 3 ) will be placed on top of the Pb, U, 
and W samples, respectively. A total of 75 electrical 
contact pins will be used to determine the shock arrival 
time at various positions in both the Mo standard and 
in the sample materials; optical fibers will also be 
tested as shock arrival detectors. Details of the exper¬ 
imental setup and results will be presented. 

1. Charles E. Ragan, III, Phys. Rev., to be published. 

* Work supported by the U.S. Department of Energy. 

BK 5 Laser-Driven Impedance-Matching Experiments* , L. 

R. VEESER, J. C. SOLEM, LASL—Recent efforts to use pulsed 
lasers to determine high-pressure equation-of-state (EOS) 
parameters 1 *^ have succeeded in reaching pressures well 
above 1 Mbar, but the accuracies of the results have been 
limited by experimental problems. 3 We report improved 
agreement between gold and aluminum shock velocity measure¬ 
ments and EOS calculations in impedance-matching experi¬ 
ments in the few megabar pressure regime. Changes in tar¬ 
get foil design to reduce energetic-electron preheat and 
better fabrication techniques are largely responsible for 
the improvements in the results. We obtain discrepancies 
of about 10% for measurements using foils with gold and 
aluminum steps on an aluminum substrate. 

*Work performed under the auspices of the Department of 
Energy. 

1) L. R. Veeser and J. C. Solem, Phys. Rev. Lett. 40, 

1391 (1978). 

2) R. J. Trainor, J. W. Shaner, J. M. Auerback, and N. C. 
Holmes, Phys. Rev. Lett. 42^ 1154 (1979). 

3) L. R. Veeser, J. C. Solem, and A. J. Lieber, Appl. 

Phys. Lett. 35, 761 (1979). 


BK 6 Ion Beam Generated Shock Waves Equation 
of State Experiments . E. GOLDMAN, Physics Inter ¬ 
national Company .—We have investigated the pos¬ 
sible use of intense ion beam sources to generate 
shock waves for use in EOS experiments. Ion beams 
show promise in this context because they do not 
suffer from the preheat problems of laser and e- 
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beam drivers. This paper presents computational 
results for intense ion beams incident on vari¬ 
able thickness targets where the energy, inten¬ 
sity, deposition time, and maximum angle of 
incidence of the particles has been varied. Re¬ 
sults favorable for use in EOS work have been 
obtained; for example, 10 MeV protons on 1 mm 
thick gold targets at 60° maximum angle of 
incidence and 25 nsec acceptance time produce 
rear surface shock pressures (in Mbars) scaling 
56 2 

as p = 2.56 I* where I is in TW/cm . Specifi¬ 
cally, 50 and 500 TW/cm^ would produce pressures 
of 26 and 100 Mbars respectively. The status of 
ion beam generation will be discussed within the 
context of these driver requirement for shock 
wave generation. 

BK 7 Flash X-ray Diffraction Experiments on the LLL 
Light-Gas Gun. * A. C. MITCHELL and QU INTIN JOHNSON, 
Lawrence Livermore National Laboratory, Livermore, 

California, 94550. -While it has previously been shown 

that x-ray diffraction can be used to study the 
behavior of crystals undergoing changes on a time scale 
of microseconds or less, first generation experiments 
have yielded rather qualitative results. T\md 
obstacles, insufficient x-ray sources and poorly 
characterized pressure pulses, have hindered 
quantitative studies. As a step toward remedying the 
second limitation, we have modified a flash x-ray 
source to make it compatible with the two-stage 
light-gas gun at LLNL. In this gun, projectiles have 
been reproducibly accelerated to velocities approaching 
7.3 mn/ys with a velocity uncertainty of ~0.2%. This 
corresponds, for materials of interest, to a pressure 
of ~100 GPa with an uncertainty of ~0.3%. Using this 
capability we have investigated the response of single 
crystals of LiF to shock pressures up to 110 GPa. 

Results are in very close agreement with conventional 
shock-wave measurements. 

♦Work performed under the auspices of the U.S. 

Department of Energy by the LLNL under contract nimber 
W-7405-ENG-48. 


BK 8 

SYSTEM FOR GENERATION OF HIGH-PRESSURE HIGH-TEMP- 

ERATURE CONDITIONS FOR PHASE TRANSITIONS.* 

N.SALANSKY and H.A.MAR,3M Canada Inc.,** —A 
special implosion chamber[1] designed to create extreme 
conditions of pressure (P) and temperature (T) is currently dat^ 

being used for studies on solid-state phase transitions. 

Basic components of the implosion chamber are the hemi¬ 
sphere lined with an explosive (typically 40-70 gms PETN) 
and a sample holder located at the focus of the implosion 
as indicated by the figure.Igniting the explosive genera¬ 
tes a spherical shock wave which propagates to the focus. 

The conditions of pressure 


around melting, from available data as well as from 
laboratory tests in an impact facility, an electron 
beam radiation facility, and an exploding wire facility. 
These thermomechanical properties are grouped into three 
catagories: relationships among thermodynamic variables 
(e.g., temperature, energy, density and pressure) 
expressed through an equation-of-state; a description 
of the mechanical response to deviatoric stress states in 
terms of elasticity, yielding, plasticity or viscosity 
over a wide range of response times; and a description 
of failure conditions. 

BK 10 Griineisen Measurements for High Explosives .* 

G.H.BLOOM and J.H.CLAAR, Lawrence Livermore Lab .—The 
Griineisen parameter for two high explosives was 
measured using a Febetron 705 to heat the materials to 
less than 100°C. The explosives were PBX-9404 
(94% HMX) and RX-03-BB (92.5% TATB). The pressure was 
derived from the rear surface velocity measured with a 
laser interferometer. A carbon calorimeter was used to 
measure the energy rise of the sample. The results 
were V = 0.70 for PBX-9404 and T = 0.45 for RX-03-BB. 

*This work was funded under ARPA Order No. 3718 
Ammendment No. 3 and performed under the auspices of the 
U.S. DOE by LLL under contract No. W-7405-Eng-48. 

BK 11 A Rule for Gajmna of Ideal C-H-N-0 Explosives and 
Estimation of Detonation Pressure ,* JAMES M. SHORT and 
MORTIMER J. KAMLET, Naval Surface Weapons Center —The 
isentropic expansion of detonation gases from the 
Chapman-Jouguet state (j) governs the initial rate at 
which work is done on the surroundings. The adiabatic 
exponent, / 31np \ 

Y ' (ainvjs ’ 

is a measure of the rate at which PdV work is done. If 
Yj is small, the pressure is maintained during expansion 
and a large amount of the work is done early in the 
expansion. For ideal C-H-N-0 explosives with loading 
density p Q > 1.0 gm/cc, the value of yj is sensitive 
to loading density and insensitive to chemical structure. 
Yj for ideal C-H-N-0 explosives may be calculated by a 
"Rule for Gamma." The Rule for Gamma may be used for 
estimating detonation pressure from measured detonation 
velocity of an explosive whose composition, structure, 
or heat of formation is not known. Additionally, the 
Rule for Gamma may be used to select the most likely 
detonation pressure of an explosive from conflicting 


*Submitted by ELIHU ZIMET 


(up to 1-2 Mbar) and temp¬ 
erature ( 3000-4000°C) ne¬ 
cessary for phase transit¬ 
ions to occur can be obta¬ 
ined at the focus of the 
implosion.The condition at 
the sample are repeatable 



BK 12 Statistical Mechanical Studies of 
Multicomponent Fluids in Phase Equilibria. — 
Francis H. Ree, Lawrence Livermore Laboratory. * 
It has been known for some time that the Van- 
der Waals one-fluid (VdWI) model predicts re¬ 
asonable results for fluid mixtures. Equat- 
ion-of-state expression required in the VdWI 
model has been computed by the Mansoori hard- 
sphere variational theory using an exponent¬ 
ial-six potential and an analytical represent¬ 
ation of available Monte Carlo and molecular 
dynamics data of the Lennard-Jones fluid. 

This has been implemented in a multiphase. 


in terms of pressure,and focussing and centering of the 
imploding shock wave.These are achieved without any damage 

ure%rofilfarLe a sa™ie e io? t0 ^ cha ? > ";T ,e P ress ' mulUcomponent'ohemicareqihibri^l^ode! 1 

ure profile at the sample location is measured with a manga- m honT , 0 x.-. a1 n 4 .x, 

™!,T,siS:«rr".5T-‘ l “ k i t i n ° y rsas-ss* 

samples. Illustrations will be given of the use of the system immiscibilitv of rarp-eas mixture Pu-rthp-r 


ular reference to the graphite to diamond transition. 

* Submitted by J.H.deLeeuw. 

** Supported by the National Research Council of Canada 
1. I.I.Glass, Prog, in Aerospace Sci., 13,223(1972). 


to detonation products will be discussed. 
*Research supported by U.S.D.O.E. Contract 
No. W-7401-Eng-48. 

I.H.B. Levine, to be published. 


BK 9 High Temperature Flow Properties of the Refractory 
Alloy TA10W , J.E. SHRADER and B.M. LEMPRIERE, The Boeing 
Aerospace Co . The thermomechanical properties of the 
alloy TalOW (90% Tantalum, 10% Tungsten) have been 
determined over a wide range of temperature, especially 


BK 13 The Corresponding Repulsive Potentials of 
Simple Molecules* , M. ROSS, W. J. NELLIS, 

A. C. MITCHELL and M. VAN THIEL, Lawrence Livermore 
Laboratory ,—Shock compression experiments have been 
carried out on the liquids Ar, Xe, N 2 , 02, CO and 
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CH 4 . The argon shock data was studied with liquid 
theory and an effective interraolecular potential 
determined. This potential can be scaled to the other 
liquids by invoking the "Theory of Corresponding 
States". In other words, by scaling the 
characteristic energy and length parameter by the 
critical temperature and volume. The resulting 
potentials, including the internal degrees of freedom, 
were used to compute Hugoniots for the remaining 
fluids. The predictions were found to agree with 
experiment up to a compression 2.5 times the liquid 
density. These results suggest that calculations for 
dense gas mixtures such as those existing in high 
explosive products, can be greatly simplified. 

*Work performed under the auspices of the U.S. 
Department of Energy by Lawrence Livermore Laboratory 
under contract #W-7405-Eng-48. 


I SESSION BL: SHOCK COMPRESSION OF SOLIDS III 
Monday afternoon, 28 April 1980 

Alexandria Room, Sheraton Washington Hotel at 2:00 P.M. 

J. Wackerle, presiding 

BL 1 High Pressure Effects on Reactions of Secondary 
Explosives ,* * J. W. BRASCH and P. J. MILLER, Naval 
Surface Weapons Center —A miniature diamond-anvil 
optical pressure cell is used to study behavior of 
explosive material subjected to high pressures and/or 
high temperatures. Both visual observation with 
conventional optical microscopes and infrared spectros¬ 
copy are utilized to monitor changes in the samples. 

Data are presented on nitromethane which reacts irre¬ 
versibly to form a very stable polymeric material and 
on RDX which decomposes at the melt to produce mainly 
N 2 O and C0 2 . Results of normal coordinate calculations 
on pressure-induced frequency shifts in nitromethane 
are discussed. 

*Submitted by ELIHU ZIMET 

BL 2 Compaction Behavior of Visco-plastic Porous 
Materials ,* K. KIM, Naval Surface Weapons Center— 
Compaction beha-Hor of visco-plastic porous materials is 
obtained by analysis of the collapse of a hollow sphere 
of rigid/visco-plastic material with appropriate pore 
radius and overall porosity. Rigid/visco-plastic mate¬ 
rial is rigid until an applied stress reaches its yield 
strength and then becomes visco-plastic beyond the yield 
strength. Dynamic effects are derived from two sources: 
the inertial effect of the material, and the dependency 
of stress on strain and strain rate. For small particles 
(small pores), the former is important only for short 
duration, and the latter for longer time. The static 
pore-collapse relation can be obtained when the two 
dynamic effects disappear. 

*Submitted by ELIHU ZIMET 

BL 3 Heterogeneous Temperature Induction in Shocked, 
Porous Explosives , D. J. PASTINE, Naval Surface Weapons 
Center—Theoretical predictions of shock induced temper¬ 
atures will be presented for three common explosives as 
a function of shock pressure. This will include esti¬ 
mates of the mean temperature both within and outside 
of collapsed pores (hot spots) at various shock levels. 
The calculations have been done assuming only that the 
effective Grtlneisen parameter decreases with increasing 
shock compression in a certain specified range of shock 
pressure, and that specific heats for the explosives can 
be built up from current knowledge of the intra-molecular 
spectra. 

BL 4 Spontaneous Generation of Radiation by 
Detonation Waves , M. J. FRANKEL and E. T. T0T0N, 

Naval Surface Weapons Center —The region of a detonation 
front is characterized by steep gradients of temperature, 
pressure, density, and electron concentration. A 
generalized Ohm’s law may be used to show that non- 


collinearity of those gradients may serve as sources 
of electromagnetic radiation. This situation can be 
expected to arise due to fine scale compositional 
inhomogeneities in modern military explosives or at 
a medium boundary. A simplified model solution is 
provided for the generated fields, and the implications 
for in situ experimental measurements for different 
types of explosives are discussed. 

BL 5 Calculating Shock Hugoniots and Release Adiabats 
for Composite Rock Materials ,* T. R. Butkovich and D. E. 
Burton, Lawrence Livermore Laboratory .—A method for com¬ 
bining gas equations of state with calculated shock 
Hugoniot equations of state to produce adiabatic release 
paths from the Hugoniot has been developed for silicate- 
carbonate-water bearing rocks. Numerical simulation of 
buried explosions require a complete equation of state for 
the rock materials over the pressure regime experienced. 
Pressures attained with high explosives can result in the 
removal of air-filled porosity and cause partial vaporiza¬ 
tion of the water component of the rock. In addition to 
this, nearby buried nuclear explosions, all of the rock 
minerals can be vaporized. The method described includes 
the removal of air-filled porosity, total vaporization of 
the silicate and carbonate components, total and partial 
vaporization of the water component and decomposition of 
the carbonate. 

•Work performed under the auspices of the U.S. Department 
of Energy by the Lawrence Livermore Laboratory under 
contract number W-7405-ENG-48. 

BL 6 Experimental Studies of Cavity Decoupling Using 
Chemical Explosives .* D.B.LARSON, Lawrence Livermore 
Laboratory , Livermore, CA.**—We are using scale-model 

experiments with chemical explosives in NaCl to study 
cavity decoupling. This approach is based upon our 
observation that shock-wave effects follow simple cube 
root scaling in NaCl. Our objective in this research 
is to find the yield-decoupling factor and how it changes 
with frequency. To provide the data necessary for our 
analysis we are using in-material particle velocity 
gages as our diagnostic system. To get yield-decoupling 
data we are performing small-scale experiments to (a) 
determine the effect of cavity size, (b) determine the 
effect of overburden pressure, (c) compare results from 
mined and explosively formed cavities and (d) determine 
the effect of non-spherical cavities. 

* Submitted by A. Kusubov 

** Supported by the Department of Energy and the 
Advanced Research Projects Agency 

BL 7 Enhanced Coupling and Decoupling of Underground 
Nuclear Explosions .* R. W. Terhune, C. Snell and H. C. 
Rodean, Lawrence Livermore Laboratory .—We studied the 
seismic coupling efficiency of nuclear explosions in 
granite by means of computer calculations as a function 
of scaled explosion source radius. The scaled source 
radii were varied from 0.1 m/ktl/3 (point source) to 
20 m/kt” 1 ^ (representing a nearly full decoupling 
cavity). It was found that seismic coupling efficiency 
is at a maximum when the scaled source radius is 
approximately 2 m/kt 1 ^. The primary cause of this 
maximum in seismic wave source strength is the effect of 
initial source radius on peak particle velocity and 
pulse duration of the outgoing elastic wave. A second¬ 
ary cause is that rock vaporization (an energy sink) 
does not occur for scaled source radii somewhat greater 
than 1 m/kt^/3. Therefore, for scaled source radii 
greater than 1 m/kt^3 ? there is additional energy 
available for seismic wave generations. Available data 
for some nuclear explosions at the Nevada Test Site do 
not provide sufficient evidence to either support or 
negate the enhanced coupling that is indicated by cal¬ 
culations at scaled source radii of 1-2 m/kt^/3. 


•Work performed under the auspices of the U.S. Depart¬ 
ment of Energy under contract number W-7405-ENG-48. 
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BL 8 Two-Dimensional Cratering Calculations for Nuclear 
Excavation of a Qattara Canal in Egypt. J. B. Bryan, 

D. E. Burton, and M. S. Costantino, Lawrence Livermore 
Laboratory .*—A series of cratering calculations has been 
performed as part of a study addressing the feasibility of 
constructing a nuclear excavated canal to link the Medi¬ 
terranean Sea and the below sea level Qattara Depression 
in Egypt. Four holes were drilled to depths between 370 
and 700 m along a proposed 73 km canal alignment. Core 
samples and geophysical logs were obtained to help provide 
both in-situ and laboratory data on the material proper¬ 
ties which were used in calculations at these multilayered 
explosion sites. The two-dimensional TENSOR computer code 
was used to simulate the dynamic phase as momentum was 
imparted to the mound region by single-charge nuclear 
sources ranging from 200 to 800 kilotons in energy. Final 
crater dimensions were calculated using a ballistic extra¬ 
polation followed by a slope stability adjustment . The 
results suggest that the charges should be buried near a 
scaled depth-of-burst of 40 m/(kt)1/3.4 f or the canal 
excavation. 

•Work supported by the U.S. Department of Energy under 
contract W-7405-ENG-48 and CER Corporation, Las Vegas, NV. 

BL 9 Blast Confinement and Scaling Laws. T. Neal, 

Univ. of Calif., Los Alamos Sci. LabT* —Scaling laws 
that describe the release of blast energy in the atmos¬ 
phere are well established for distances large com¬ 
pared to the size of the charge. Conversely, for 
distances in the immediate proximity of a charge the 
effects have been determined with standard shock-wave 
techniques. In the regime N/30>R3>M/3, where M is 
the charge mass in kg and R is the distance in m, an 
understanding of the blast effects is important to 
the techniques of confining blast energy. To a large 
degree these effects can be described as impulsive 
and the response of a spherical pressure vessel to 
a spherical charge detonated at the center follows 
the prediction of simple scaling laws. For an evac¬ 
uated vessel as well as one at atmospheric pressure 
these relationships take the approximate form et>cM/R^ 
where e is the strain in the vessel wall and t is the 
wall thickness. For a given limiting strain, this leads 
to the fact that the mass of a thin-walled vessel is 
directly proportional to the mass of the charge it is 
to contain. Experimental results for vessels ranging 
in radius from l8l to 931 mm support these conclusions. 

* Work performed under the auspices of the US DOE. 

BL 10 

Some Numerical Calculations of Confinement Vessel 

Problems . Milton Dean Slaughter, Theoretical Div., Los 
Alamos Scientific Lab., Los Alamos, N.M. 87545 ?—We have 
numerically solved (using the one dimensional hydro- 
dynamic code SIN 1 ) a typical confinement vessel problem 
which involves a spherical steel vessel containing a 
detonating spherical charge of PBX-9404 at its center, 
with a mitigator( air or vermiculite) surrounding the 
charge. The ultimate goal of the calculation is to compute 
the maximum microstrain of the vessel wall at the first 
excursion of the induced shock wave generated in the wall 
by the detonating charge. 

*Supported by the U.S. Department of Energy. 

Charles L. Mader, Numerical Modeling of Detonations, 
University of California Press, Berkeley, California 
(1979). 

BL 11 Computer Simulation of the Dynamic Fracture of 
a Large Plate with an Explosively Loaded Notched Hole .,* 

F.P. Stecher, Naval Surface Weapons Center, White Oak , 
Maryland . **—Hie two dimensional elastic-plastic finite 
difference Lagrangian computer program, HEMP, was 
modified in order to model a large plate with an explo¬ 
sively loaded notched hole and a propagating crack. 


The modifications included the addition of a computer 
subroutine to calculate the J -Integral value for the 
notch or crack, a subroutine to apply the crack velocity 
versus energy release rate fracture criteria and a 
subroutine to model the effect of gas pressure applied 
to the crack surface. The J-Integral computation was 
used to determine the energy release rate while the 
energy release rate value was utilized to find the crack 
velocity from a crack velocity versus energy release 
rate curve. Ihe explosive pressure load versus time 
profile was applied to the surface of the notched hole 
as a transient boundary condition. Computations were 
made for a large plate made of the brittle-elastic 
polymer, Homalite 100. Comparisons were made between 
computed results and data from dynamic photoelastic 
experiments. 

♦Submitted by J.O. Erkman 

♦♦Supported by NSF Grants APR 76-09182 and 77-05171. 

BL 12 High-Energy (Mach 130) Air-Shock Propagation in 
Steel and Grout Pipes . H. D. GLENN, Lawrence Liver ¬ 
more Laboratory , H. R. KRATZ, Systems, Science & Soft ¬ 
ware , and D. D. Keough, SRI International .- Voitenko 
compressors were used to generate - 4.5 cm/ysec air 
shocks in a steel and a grout outlet pipe. Diaphragm 
burst times and time-of-arrival data of shock-front 
luminosity along the 2-cm-i.d. exit pipes are provided 
by fiber-optic ports. Pressure profiles were obtained 
for this high enthalpy shock propagation for the first 
time and at many locations in both experiments. In 
the interval between 10- and 250-cm from the diaphragm 
the velocity and peak pressure of the shock front 
attenuated from -4.5 to 0.5 cm/ysec and ~21 to 0.2 kb, f 
respectively. Over this distance the shock propa¬ 
gation gave nearly identical results for both experi¬ 
ments. This rapid attenuation of the shock front 
velocity and pressure is attributed to ablation and 
entrainment of wall material. The results indicate 
that the shock propagation is independent of wall 
composition to the extent of materials considered over 
the 250-cm distance of the outlet pipes. 

•Supported by U.S. DOE Contract W-7405-ENG-48; and DNA 
Subtask J24AAXIX955. 

BL 13 Computer Modeling of the Voitenko Shock Tube 
Compressor P. S. BROWN and M. L. LOHMANN, Lawrence 
Livermore Laboratory *—A modified Voitenko high explo¬ 
sive compressor has recently been used to produce 
megabar pressures at the inlet of a 2-cm diameter air- 
filled shock tube. Complex flows in the late stages of 
the air compression necessitate an Eulerian hydrodynamic 
treatment. We have used an arbitrary Lagrange-Eulerian 
code to model the 10^-fold pressure increase in the 
generator and the initial flow down the tube. This code 
avoids the difficulties encountered when dissimilar 
materials like steel and air are mixed in a cell of an 
ordinary Eulerian code; in such a cell, the steel mass 
overwhelms the air, preventing the air from moving past 
the steel interface, causing the air to "stick" to the 
steel. A new, detailed understanding of the generator 
operation has been obtained, and very good agreement 
with experimental timings and pressures has been calcu¬ 
lated. The calculations show that measured pressure 
oscillations are caused by multiple shock reflections 
which result from high-speed radial flows in the com¬ 
pressor that stagnate on axis. 

*Work performed under the auspices of U.S.DOE by 
Lawrence Livermore Laboratory No. W-7405-ENG-48; and DNA 
Subtask J24AAXIX955 


I BUSINESS MEETING OF THE DIVISION OF PARTICLES AND 
FIELDS 

Monday afternoon, 28 April 1980 

Regency Room, Shoreham-Americana Hotel at 4:30 P.M. 


I SESSION DA: NOBEL PRIZE WINNERS' SYMPOSIUM 

Tuesday morning, 29 April 1980; Washington Room, Sheraton Washington Hotel at 9:00 A.M.; Herman Feshbach, presiding 

1979 NOBEL PRIZE WINNERS’ IN PHYSICS LECTURES 
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DA 1 Title To Be Announced. STEVEN WE IN BERG, Harvard University. (40 min.) 

DA 2 Toward a Unified Theory-Threads of a Tapestry. SHELDON L. GLASHOW, Harvard University. (40 min.) 

1979 NOBEL PRIZE WINNER IN MEDICINE LECTURE 

DA 3 Early CT Scanning and Some Recent Developments. ALLAN M. CORMACK, Tufts University. (40 min.) 

I SESSION DB: SYMPOSIUM OF THE FORUM ON PHYSICS AND SOCIETY: ARMS CONTROL AND NEW WEAPONS TECHNOLOGY 
Tuesday morning, 29 April 1980; Palladium Room, Shoreham-Americana Hotel at 9:30 A.M.; V.L. Teplitz and L. Sartori, presiding 

DB 1 New Weapons Technology. S.L. ZEIBERG , Department of Defense. (30 min.) 

DB 2 SALT. Speaker to be announced. (30 min.) 

DB 3 Near-Term Trends and Prospects for Arms Control. D.G. BRENNAN, Hudson Institute. (30 min.) 

Technological trends in military systems, especially in nuclear delivery systems, will increas¬ 
ingly favor miniaturization of such systems, both for improving their survivability and for im¬ 
proved military flexibility. A prime example is a long-range cruise missile that can be 
launched from a 21-inch torpedo tube, either from a submerged submarine or a surface ship (such 
as a PT boat). This trend will worsen the problem of verifying (or otherwise estimating) the 
number of such weapons deployed. Acceptable standards of verifying an arms-control agreement 
that imposes major reductions in such weapons may depend on cooperative measures, i.e., national 
technical means alone may prove insufficient. Political prospects for such cooperation must be 
judged very dim in the near term. Prospects for other Soviet-American arms-control arrange¬ 
ments, concerning either theater forces or strategic forces, also appear dim for the near term. 

DB 4 Can Arms Control Halt the Nuclear Arms Race? B.T. FELD, Massachusetts Institute of Technology. (30 min.) 

Past attempts at nuclear arms control and disarmament will be reviewed, with particular emphasis 
on trying to understand the reasons for the failure of the Strategic Arms Control Talks (SALT). 

The problems will be analyzed of attempting to control weapons in the atmosphere of a 
technological race for the deployment of new systems, of the instability of arms control under 
these conditions and of the competing time constants for new deployments as against 
negotiated agreements. The role of military doctrines relating to first-use of nuclear 
weapons will be examined. Some proposals will be presented which might reverse the current 
trend towards open-ended Soviet-American competition in nuclear weapon systems. 


■ SESSION DC: SYMPOSIUM OF THE DIVISION OF ELECTRON AND ATOMIC PHYSICS: CONTRIBUTIONS OF L.H. THOMAS TO PHYSICS 
Tuesday morning, 29 April 1980; Diplomat Room, Shoreham-Americana Hotel at 9:00 A.M.; E. Merzbacher, presiding 

DC 1 From Thomas to BMT: Oversight. V.L. TELEGDI, Swiss Institute of Technology. (30 min.) 

DC 2 The Thomas Model for Electron Capture from Atoms by Fast Ions.* R. SHAKESHAFT, Texas A & M University. (30 mm.) 

In 1927 Thomas wrote a seminal paper 1 "on the capture of electron^ by swiftly moving electrified 
particles". Here "swiftly moving" means the projectile velocity v is much greater than the 
characteristic orbital velocity of the electron in the initial and final states. Thomas pointed 
out that, within the framework of classical mechanics, the electron must acquire a velocity 
such that |v - v| is less than the escape velocity of the electron at the distance from the 
projectile af which it is captured. He noted that the electron can acquire this velocity v e 
via a double-scattering mechanism in which the electron first scatters from the projectile and 
then from the target nucleus. Using the classical double-scattering model, Thomas found that 
the electron capture cross section, a, behaves as v 11 with increasing v. In 1930 the quantum- 
mechanical first Born approximation was used to predict that a decreases more rapidly with v, 
as V “ 12 . The quantum-mechanical result was naturally favored. It was not until 1955 that it 
was realized that the Thomas model corresponds to the second Born approximation, and that a 
behaves as v" 11 within this latter approximation. (Therefore the second Born dominates over 
the first Born cross section). By building the necessary quantum mechanics into the Thomas 
model, the quantum-mechanical (second Born) coefficient of the v” 11 term can be obtained. Some 
interesting applications of the generalized Thomas model involve: electron capture by positrons, 
atom capture (from molecules) by nuclei, and the asymmetric cusp in the singly differential 

cross section da/dv for charge transfer to the continuum, 
e 

*Supported by the Texas A&M Center for Energy and Mineral Resources and by the National Science 
Foundation under grant no. PHY79-09954. 

1-L.H. Thomas, Proc. R. Soc. 114 , 561 (1927). 

DC 3 The Thomas Cyclotron—From an Idea to Meson Factories and Heavy Ions. 

J.R. RICHARDSON, University of California-Los Angeles. (30 min.) 

In 1938, L. H. Thomas 1 proposed a solution to the problem of making the cyclotron a viable 
accelerator at relativistic energies. Although an interim solution was found in frequency 
modulation and the principle of phase stability, Thomas’s proposal of using an azimuthally 
varying field to achieve focusing of the ions has turned out to be the better. An elementary 
discussion of the Thomas proposal will be presented and brief descriptions will be given of 
the large facilities based on this proposal. They include meson factories presently in 
operation and superconducting cyclotrons being constructed for the acceleration of heavy 
ions. 

1 L.H. Thomas, Phys. Rev. 54_, 580 (1938). 
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DC 4 Shock Waves and Fluid Dynamics—The Thomas Years at the Watson Laboratory. 

M.C. GUTZWILLER, I.B.M. Thomas J. Watson Research Center. (30 min.) 

DC 5 The.Thomas-Fermi Theory and Some of Its Ramifications.* L. SPRUCH, New York University. (30 min.) 

In the half century since the semi-classical Thomas-Fermi theory of the atom was introduced, 
there have been a tremendous number of applications of the theory; they encompass a broad 
range of atomic bound state and scattering problems. (The theory has also been applied to 
nuclear physics and solid state problems.) We will concentrate here on the essence of the 
theory, namely, the implementation of the exclusion principle. We will consider the implemen¬ 
tation in a qualitative rather than quantitative fashion. The theory is then capable of giving 

only qualitative information about a system - the dependence of the total binding energy E 

and radius R of an atom on the nuclear charge Z, for example; in compensation, the calculation 
is often literally trivial. We will review the applications of the theory, from the qualita¬ 
tive viewpoint, to heavy atoms, white dwarfs and neutron stars. A Thomas-Fermi-like theory 
also exists for heavy atoms in a uniform intense magnetic field B. Here, too, the qualitative 
picture immediately gives some of the main results, namely, the dependence of E and R on B and 
Z. Finally, we may comment briefly on some recent formal developments in Thomas-Fermi theory: 
the proof that the theory is exact as Z 'i> », and the nature of the leading correction term 
for Z finite. 

*Supported by the National Science Foundation and the Office of Naval Research. 


I SESSION DD: SPECIAL SYMPOSIUM ON SHOCK WAVES IN ASTROPHYSICS 
Tuesday morning, 29 April 1980; Empire Room, Shoreham-Americana Hotel at 9:00 A.M.; H.C. Graboske, presiding 

DD 1 Shock Waves and High Temperature Phenomena in Supernovae. 

ROGER CHEVALIER, University of Virginia. (30 min.) 

DD 2 The Evolution of Photostars. F. SHU, University of California. (30 min.) 

DD 3 The Role of Shock Wave Data in Modelling Giant Planet Interiors. 

W.B. HUBBARD, University of Arizona. (30 min.) 

DD 4 Cratering and Impact Phenomena in the Solar System: Survey and Interpretation. 

D. RODDY, U.S. Geological Survey. (30 min.) 


( SESSION DE: INTERMEDIATE ENERGY: THEORY I 
Tuesday morning, 29 April 1980 

Baltimore Room, Sheraton Washington Hotel at 9:00 A.M. 

L. Kisslinger, presiding 

DE 1 Pion Condensation in Neutron Matter: Effect of 
NN Correlations. B. WILDE and S 0 A. COON, U, of Az .- r 
Using the off-mass - shell model for ttN scattering based 
upon current algebra and a dispersion-theoretical axial - 
vector nucleon amplitude dominated by the A(1230) isobar, 
we investigate the critical density for the onset of pion 
condensation in neutron matter. Our results obtained by 
neglecting NN correlations have already been reported. 1 ' 

In the present work we incorporate short-range correla¬ 
tions into the pion self energy which sums to all orders 
a series of many-body pion exchange diagrams. The kernel 
of the integral equation thus obtained includes the ef¬ 
fects of a neutron matter correlation function together 
with the off-forward ttN amplitude. The critical density 
thus obtained is a very sensitive function of the off- 
shell extrapolation of the (repulsive) a-term and of the 
ttNN and ttNa coupling constants. For the extrapolation 
which satisfies the off-shell current algebra constraints 
we find that condensation does not occur at all. 
i) 

B. Wilde, S.A. Coon, and M.D. Scadron, Phys. Rev. D18 
(1978) 4489. - 

DE 2 Pion Production and Absorption by the Two-Nucleon 

System .* ROGER H. HACKMAN, VPI & SU—We present a theory 
of pion production and absorption by the free two-nucleon 
system based on a generalization of the Low equation. The 
advantages of this theory are: (1) the results do not 
depend upon the validity of a weak coupling expansion, (2) 
no assumptions regarding the nature of the pion-nucleon 
coupling are required, (3) there are no difficulties 
pertaining to the possible double-counting of meson- 
exchange diagrams, and (4) the equations are manifestly 
antisymmetric and are consistent with the requirements of 
pion crossing. As a first application of these ideas, we 
present prelimin ary results for pp -* pp-rr 0 . 

*Work supported in part by the N.S.F. 


DE 3 The Magnetic Form Factor of 3 He.* DAN-OLOF W. 
RISKA, Mich. State U. —In the light of recent experimen¬ 
tal datal on the magnetic form factor of 3 He we investi¬ 
gate the sensitivity of the calculated form factor to the 
D-state fraction of the wavefunction and to meson exchange 
current effects. With simple but not unrealistic wave- 
function models (with inclusion of the pion exchange 
current effects) we obtain larger exchange corrections 
and thus a form factor minimum at larger momentum trans¬ 
fer than what was found in an earlier calculation^. The 
importance of rho-meson exchange is pointed out. 

*Research supported in part by the NSF. 

II. Sick, private communication. 

2a. Barroso and E. Hadjimichael, Nucl. Phys. A238 , 422 
(1975). 

DE 4 Possible Limits on Nuclear Pionic Fields from 
Pion Production.* W.R. GIBBS." D.L. WEISS and G.J. 
STEPHENSON, JR., Theor. Div., LASL —By considering pro¬ 
duction of pions directly from the nuclear pionic field 
limits can (in principle) be set on the magnitude of 
critical opalescence or other enhancements of this field. 
In order to achieve this goal in practice this mechanism 
must be calculated to a reasonable degree of accuracy. 

We will present a DWIA calculation of this effect in¬ 
cluding initial proton distortion and final pion distor¬ 
tion. Studies will be made of dependences on uncertain¬ 
ties in these distortions as well as the assumptions on 
the shape of the pion field and the captured nucleon 
wave function. Both differential cross sections and 
polarization asymmetries will be compared with existing 
data. Suggestions will be made for future experiments 
which may shed light on this question, 

DE 5 Self-Consistent Pion-Nucleus Elastic Scattering .* 

J. W. VAN ORDEN, M. K. BANERJEE, D. M. SCHNEIDER and 
S. J. WALLACE, U. of Maryland, College Park —Because 
of the strength of the pion-nucleon interaction and be¬ 
cause of the high probability that a pion can be ab¬ 
sorbed on two nucleons, it has been suggested that the 
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lowest order optical potential may be inadequate to 
describe pion-nucleus scattering. In describing the 
pion-nucleon scattering amplitude in the nuclear medium 
it is necessary to modify all internal pion propagators 
to account for the interaction of the pion with the nu¬ 
clear medium. This modification, in turn, depends upon 
the pion-nucleon scattering amplitude which requires 
that the problem must be treated self-consistently. We 
present a set of coupled integral equations which repre¬ 
sents the self-consistent local field correction to the 
pion-nuclear optical potential. The Fermi gas model of 
the nucleus is used in an example of the solution of 
these integral equations. Nucleon recoil is included 
for all struck nucleons. 

*Work supported by the U. S. Department of Energy. 

1. M. B. Johnson and H. A. Bethe, Nucl. Phys. A305 , 

418 (1978). 

DE 6 A Calculation of the Off-Mass-Shell tt-N 
T-Matrix.* J.J. O'NEILL and L.S. KISSLINGER, Camegie- 
Mellon U.—The Bethe-Salpeter equation is applied to 
calculate the off-shell tt-N T-matrix in a simple model. 
This provides the off-mass-shell T-matrix needed for 
relativistic treatments of n-nucleus scattering and 
reactions, in contrast to the non-relativistic off- 
momentum- she 11 and off-ene~gy-shell T-matrices which 
are usually employed. In the second Born approximation 
the results are compared to approximations to the Bethe- 
Salpeter equation which have been previously suggested. 

*Supported in part by NSF Grant No. PHY-78-19757. 

DE 7 Functional Dependence of the A(n,rc)A+l Reaction 
on Charge and Nuclear Isospin Including One and Two Step 

Processes" JAVED IQBAL and G*E. WALKER, Indiana U. — 

Assuming an initial state with A tJJ we study the 

dependence of the A(^Jto)A+l reaction on the nuclear and 

mesonic isospin and charges associated with various 
assumed one and two step processes involving n, P and u>- 
exchange and allowing for intermediate A and N states. 

The resulting formulae may allow one to determine the 
relative importance of different diagrams within a given 

nuclear isospin multiplet for ito production* Comparison 
with existing data and suggestions for future experi¬ 
ments will be presented. 

*Research supported in part by the National Science 
Foundation. 

DE 8 An Improved Treatment of the (p,tt) Reaction.* 

L.S. KISSLINGER and B.D. KEISTER, Camegie-Mellon U .-- 
In the widely used "pionic stripping" one-nucleon trans¬ 
fer model, the calculated (p, tt) reaction cross section 
depends critically on the details of the model. A two- 
nucleon mechanism’, which describes explicitly a rescat¬ 
tering in the A region, has also been proposed . 1 It is 
less sensitive to the treatment of distortion, but it 
leaves unanswered certain questions regarding double¬ 
counting and the derivation of the model. Using pro¬ 
jection operator techniques, we show that the Isobar- 
Doorway Model 2 can give a unified picture: it is seen 
to contain the physics of both the "one-nucleon and the 
"two-nucleon" mechanisms, but without the usual count¬ 
ing and completeness problems. 

*Supported in part by NSF grant No. PHY-78-19757. 

1m. Dillig and M.G. Huber, Phys. Lett. 69B , 429 (1977); 

Z. Grossman, F. Lenz, and M.P. Locher, Ann. Phys. (N.Y.) 
84, 348 (1974). 

^L.S. Kiss linger and W.L. Wang, Ann. Phys. (N.Y.) 99_, 

347 (1976). 

DE 9 Analytical Approxi mation to Pion-Nucleus Scatter- 
inq Near the (3731 Resonance . MIKKEL B. JOHNSON, Los 
Alamos Scientific Laboratory* and JEAN-FRANCOIS GERMOND, 
Institut de Physique , Neuchatel , Switzerland* *-Starting 
from the eikonal approximation to the scattering ampli¬ 


tude an analytical approximation is obtained, including 
Coulomb effects. The amplitude is characterized by 
three numbers, one of which is a radius parameter b^ 

These numbers are related in a simple way to the optical 
potential U(r) for r - b : . The quality of the analyti¬ 
cal result is assessed by comparing it to the exact 
eikonal amplitude for a model of U which is linear in 
density. It reproduces accurately the position and 
depth of the first minimum, the magnitude of the first 
secondary maximum and the differences of the tt and tt" 
cross sections. It is furthermore shown that at 180 MeV 
the analytical approximation reproduces semiquantita- 
tively the magnitude and shape of the "model exact" so¬ 
lution of the Klein-Gordon equation at forward angles. 

An application to scattering by the calcium isotopes is 
taken as an example to show the sensitivity to the neu¬ 
tron distribution as the f 7/2 shell is filled. 

% 

*Work performed under auspices of U.S.D.O.E. 

**Supported in part by the Swiss National Science Foun¬ 
dation. 

DE 10 Multiple Scattering Description of the (p,2p) 
Reaction.* P.C.TANDY, Kent State Univ ., and R.M. THALER, 
Case Western Reserve Univ . -- A multiple scattering 
description of the (p, 2 p) reaction is formulated with a 
view towards application to the medium energy data which 
is beginning to appear. At the first stage this ap¬ 
proach leads to a distorted wave impulse approximation 
in which the transition operator and the distorted waves 
are obtained from microscopic considerations. The con¬ 
nection between the distorted waves required here and 
those obtained from the Kerman, McManus,Thaler prescrip¬ 
tion for elastic scattering is presented. At the next 
level of this development, correlations, recoil, and re¬ 
scattering effects appear. It is shown that these cor¬ 
rections are in a form which is both intuitively satis¬ 
fying and calculationally feasible. The question as to 
whether distorted waves are required for both out-going 
particles rather than for just the knock-out particle 
will be discussed. 

*Work supported in part by the N.S.F. under grants 
no. PHY-79-07511 and PHY-78-26595. 

X M. B. Epstein,et al., Phys.Rev.Lett. 44, 20 (1980). 

DE 11 A Microscopic Description of Proton-Nucleus total 
Reaction Cross Sections.* N. J. DIGIAC0M0, R.M. DEVRIES, 
and J. C7TENG, Los Alamos Scientific Laboratory .--We 
report a calculation of the energy and mass dependence of 
proton-nucleus total reaction cross sections based on the 
nucleon-nucleon total cross sections and nuclear charge 
densities. The effects of the Coulomb potential, real 
nuclear potential, Pauli blocking and Fermi motion are 
explicitly included in the calculations. The results are 
found to be in excellent agreement with the data for 
12 < A < 208 and 20 MeV < E p < 1 GeV. 

*Work supported by the U. S. Department of Energy. 


UIj ifai ^ 

A Low Energy K+-Nucleus Optical Potential ' 

A.S. Rosenthal, Univ. of Pittsburgh**-Measured deviations 

from impulse approximation calculations in low energy 
meson-nucleus elastic scattering indicate the presence 
of many-body forces. Recent chiral calculations 1 of a 
pion-nucleus real p 2 potential have clarified the puzzle 
of the sign of this term. Models of low energy K -nucleus 
scattering are presented which extend these calculations 
to broken SU 3 x SU 3 , where the dynamics are uncomplicated 
by annihilation. The real p 2 -potential is shown to 
receive significant 1=0 contributions, whose effects 
should be directly measureable. 

*Submitted by Norman Austern 
**Supported by NSF Grant 5-38433 

■^Evidence for Nonlinear Meson Dynamics from Low Energy 
Pion-Nucleus Scattering, Gerald A. Miller and J.V. Noble, 
preprint 


519 



























DE 13 Nuclear Optical Potential from Boson Exchange 
Considerations . B. C. CLARK and L. G. ARNOLD, Ohio State 
Univ .* * and R. L. MERCER, IBM Watson Research Center --We* 
discuss a nuclear optical potential based on boson ex¬ 
change considerations. 1 * 2 The optical potential obtained 
is used in the Dirac equation. Comparison between theo¬ 
retical calculations and experimental nucleon-nucleus 
elastic scattering cross sections and analysing powers 
will be given. We also compare the results of this model 
with nonrelativistic optical model analyses. 

* Supported by NSF under Grant No. PHY78-25532. 

1. L. G. Arnold and B. C. Clark, Phys. Lett. 84B , 46 
(1979). 

2. M. Jaminon, C. Mahaux, and P. Rochus, Phys. Rev. 

Lett. 43, 1097 (1979). 

DE 14 Isovector Part of the Nuclear Single Particle Po ¬ 

tential and Boson Exchange Models . L. G. ARNOLD and B. C. 
CLARK, Ohio State Univ .* and R. L. MERCER, IBM Watson 
Research Center --As part of our studies of a relativistic 
optical model for nucleons, we have been comparing this 
model with the nonrelativistic optical model at low en¬ 
ergies. 1 The primary input for these studies consists of 
one boson exchange parameters determined from two-nucleon 
data. Results for the isoscalar part of the single par¬ 
ticle potential are in good agreement with empirics. In 
this report we discuss the relation between the isovector 
part of the potential and boson exchange parameters for 
the p and 5 mesons. Our results for the single particle 
potential show considerable sensitivity to the 6 and 
indicate that its contribution should be small. 

* Supported by NSF under Grant No. PHY78-25532. 

1. L. G. Arnold and B. C. Clark, Phys. Lett. 84B , 46 
(1979). 

DE 15 S ensitivity of the Coulomb Corrections to the 
Off-shell ttN Amplitude . H. KRIESCHE, Univ. of Graz 
and H. ZANKEL, Theor. Div. , LASL .* 

—Employing unitary transformations and the inverse 
scattering method off-shell variations of separable ttN 
partial wave scattering amplitudes are generated. The 
nonrelativistic Coulomb corrections to TT-p phase shifts 
depend strongly on the ttN off-shell scattering if 
point-like charge of the scattering particles is assumed 
but they are much less sensitive to off-shell variations 
if the finite extent of the charged particles is taken 
into account. On-shell approximations to the Coulomb 
corrections are discussed. 

^Submitted by B.F. Gibson 

Supplementary Program 

DE 16 The Non-Linear Terms in the Chiral Lagrangians 
and bhe Pion-Nucleus Optical Potential.* DAN-OLOF W. 
RISKA and HUGH McMANUS, Mich. State U.— We show that the 
lowest order non-linear terms in the chiral Lagrangians 
for pion-nucleon systems contribute to the real part of 
the S-wave pion-nucleus optical potential, but that a 
strong cancellation occurs between the different compo¬ 
nents. The cancellation is exact in the zero range limit 
(m^-w). The cancellation is similar to that found pre- 
previously 1 for the pion-deuteron scattering length. The 
lowest order non-linear terms also lead to four-nucleon 
forces that however affect nuclear binding only insig¬ 
nificantly. 

^Research supported in part by the NSF. 

X M.R. Robilotta and C. Wilkin, J. Nucl. Phys. G4, L115 
(1978). 

( SESSION DF: PROTON-INDUCED REACTIONS 
Tuesday morning, 29 April 1980 

Annapolis Room, Sheraton Washington Hotel at 9:00 A.M. 

D. Lind, presiding 

DF 1 

p-d elastic cross section near the threshold for 

the break-up of the Deuteron 


P. M. S. Lesser, C. C. Trail, C. C. Pemg, C. K. Liu and 
M. K. Liou, Brooklyn College of the CUNY . — p-d 
elastic scattering cross sections as a function of the 
incident proton energy have been measured in small 
energy steps around the deuteron break-up threshold for 
several scattering angles. A very rapid energy depend¬ 
ence which causes an anomaly in the elastic cross 
section near the break-up threshold is observed. The 
experimental results are compared with earlier work 1 ’ 
at 3 MeV and are used to determine the energy dependence 
of the elastic scattering phase shifts near the thres¬ 
hold. 

^Supported by the PSC-BHE Research Award Program, CUNY. 

1. P. A. Schmelzbach et al., Nucl. Phys. A197 , 273 
(1972). 

2. D. C. Kocher and T. B. Clegg, Nucl. Phys. A132 , 455 
(1969). 

DF 2 A Calculation of the Total Cross Section for the 
11 B(p,n) 11 C Reaction . S. RAMAVATARAM, Oak Ridge National 
Laboratory * and G. DO DANG, Laboratoire de Physique Theorique 
et Hautes Energies, Orsay, France. — The extended coupled- 
channels method 1 has been applied to obtain the excitation func¬ 
tion for this reaction below the GDR. Comparison between 
theory and experimental data 2 enables us to identify the spins 
and parities of resonances contributing the observed structure. 

*Operated by Union Carbide Corporation for the U. S. Department 
of Energy under contract W-7405-eng-26. 

1. S. Ramavataram and G. Do Dang, Bull. Am. Phys. Soc. 24, 

609 (1979). 

2. J. H. Gibbons and R. L. Macklin, Phys. Rev. 114, 571 (1959); 
K. Ramavataram et al. (to be published). 


DF 3 A Comment on the Anamalous Behavior of the Imaginary Well 
Depth Required for Optical-model Analyses of Sub-Coulomb Protons on 

Nuclides in the Mass 100 Regions . + R.L. HERSHBERGER, J.P. DELAROCHE,++ 

D.S. FLYNN, University of Kentucky —In order to fit total (p,n) cross 
sections in the mass 100 region at sub-Coulomb energies with a single¬ 
channel model, Johnson et. al. 1 required an anomalous behavior of the 
imaginary well depth. In repeated and additional measurements the 
anomalous behavior of the imaginary well depth has been shown to per¬ 
sist 2 , not only in the analyses of the (p,n) cross sections but also 
when differential elastic (p,p) cross sections have been included in a 
single-channel as well as a Lane-model analysis. Calculations have - 
been carried out using a coupled-channels code with a deformed poten¬ 
tial. The procedure has been to first obtain potentials which will 
describe the scattering radius, the s- and p-wave strength functions, 
and total cross sections for neutrons. Second a consistent proton 
potential is formed by changing the sign of the isospin term in the 
neutron potential and adding, to the real potential, the Coulomb cor¬ 
rection term and the Coulomb potential. The potentials are found to 
describe the (p,p) and (p,p') differential cross sections above the 
Coulomb barrier, but at sub-Coulomb proton energies an anomalously 
large value of the imaginary well depth is still required near mass 
103. 

+ Supported in part by the National Science Foundation 
++ Permenant address: C.E. Bruyeres-le-Chatel, B.P. 561, 92542 Montrouge 
CEDEX, France. 

1C.H. Johnson, A. Galonsky, and R.L. Kernell, Phys. Rev. Lett. 39,1604 
,(1977). 

^D.S. Flynn, R.L. Hershberger, and.F. Gabbard, Phys. Rev. C 2Q, 1700 
(1979); R. Schrils, D.S. Flynn, R.L. Hershberger, and F. Gabbard, 
ibid . 20, 1706 (1979); R.L. Hershberger, D.S. Flynn, and F. Gabbard, 
ibid , (to be published March 1980) . 


DF 4 Elastic and Inelastic Scattering of Polarized 
Protons from ZUb Pb and 2uy Pb.* N.L. BACK, J.G. CRAMER, 

T.A. TRAINOR, R.D. VON LINTIG, AND H.C. BHANG, Univer¬ 
sity of Washington* *—Cross-section and analyzing-power 
excitation functions have been measured for the elastic 
and inelastic scattering of polarized protons from 206 Pb 
and 208 Pb. These measurements were made at 8 lab = 120°* 
135°, 150°, and 165°, in the energy range Ep = 14.25 - 
18.00 MeV. Isobaric analog resonances in 207 3i and 
209 Bi were observed in the elastic scattering and in the # 
inelastic scattering to the 3“(2.615 MeV) state of 208 Pb 
and the 2 + (0.803 MeV) and 3~(2.647 MeV) states of 206 Pb. 
Spins and parities were assigned for the resonances ob¬ 
served in the elastic scattering from 208 Pb. For each 
resonance, the energy, the width, and the partial width 
in each exit channel were determined. By using differ¬ 
ent models to determine the single-particle widths, we 
can then relate the partial widths to the spectroscopic 
factors. This gives us the single-neutron and single- 
neutron-plus-2 + -core strengths for the parent states 
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in 207 Pb and 209 Pb, and the neutron lp-lh strengths for 
the 3" states of the targets. 

* Submitted by J.G. CRAMER. 

** Work supported by the U.S. Department of Energy. 

DF 5 Elastic Scattering of Protons From 40 Ca, 42 Ca 
and 44 Ca in the Energy Range 20-50 MeV and Nuclear 

Matter Radii.* T.N. NASR, J. BIRCHALL, N.E. DAVISON, 

R.H. McCAMIS, W.T.H. van OERS and P.J.T. VERHEIJEN, 
Cyclotron Laboratory, Univ. of Manitoba - Measurements 
of proton elastic scattering differential cross sections 
have been made for the 40 Ca, 42 Ca and 44 Ca isotopic 
sequence at mean incident energies of 21.0, 25.0, 30.0, 
35.0, 40.0, 45.0 and 48.4 MeV. The angular distribu¬ 
tions cover the range 10® - 170® (in the laboratory) in 
2.5® steps at forward angles and 5® steps at backward 
angles. The differential cross sections have relative 
errors of about 3.0% while the scale errors are less 
than 2.5%. The data have been analyzed in terms of a 
standard optical potential with an explicit ^-dependent 
exchange term. Differences between the r.m.s. radii of 
the neutron and proton distributions have been deduced 
and are compared with the results of previous measure¬ 
ments and with various theoretical predictions. 

* 

Work supported in part by the Natural Sciences and 
Engineering Research Council of Canada. 

DF 6 Coincidence S tudies of ReacLxon Mechanisms Asso¬ 
ciated with Non-Equilibrium Particle Spectra .* A. A. 
COWLEY, J. SILK, C. C. CHANG, H. D. HOLMGREN, D. L. 
HENDRIE, R. W. KOONTZ, P. G. ROOS, and C. SAMANTA, U. of 
Maryland ; J. R. WU, QRNL- To further understand the inclu¬ 
sive charged particle spectra in the continuum, particle- 
particle coincidence measurements were performed with 100 
MeV protons incident on 58 Ni. A 3-counter telescope de¬ 
tecting particles with energies down to evaporation re¬ 
gion was operated in coincidence with 2-counter tele¬ 
scopes fixed at 15° and 35°, detecting protons with ener¬ 
gies above 12 MeV. Preliminary results show that a major 
portion of the high energy protons in the continuum are 
in coincidence with evaporation particles (both p and a). 
This result also holds true for angle pairs which were 
chosen to enhance quasi-free (p,2p) scattering. The im¬ 
plication of the importance of the initial nucleon- 
nucleon collision between the incident proton with one of 
the target nucleons, which acts as a doorway to more com¬ 
plicated states by which the remainder of the energy is 
dissipated to the nucleus, will be discussed. 

*Supported in part by the National Science Foundation. 

DF 7 Multiplicity Measurement of Evaporated Charged 
Particles in Particle-Partic le Coincidence Experiment .* 

C. C. CHANG, A. A. COWLEY, H. D. HOLMGREN, and R. W. 
KOONTZ, U. of Maryland- The multiplicities of the evapor¬ 
ated protons and a particles from reactions induced by 
100 MeV protons on ^ 8 Ni were measured by detecting two 
evaporation particles in coincidence. The singles 
evaporation spectra were also measured simultaneously. 

A preliminary result indicates that the evaporated pro¬ 
ton and a multiplicities are independent of the angle 
pair measured, as expected, and are 'i2.5 and ^0.5, re¬ 
spectively. Using an estimate of the neutron evapor¬ 
ation based on evaporation calculation, the total 
evaporation particle multiplicity (including n, p, and 
a particles) is found to be ^4-5. This multiplicity is 
consistent with the assumption that the incoming proton 
loses, on the average, half of the incident energy 
(^50 MeV), leaving the target nucleus with ^50 MeV of 
excitation energy. Detailed results and the comparison 
with model calculations will be presented. 

*Supported in part by the National Science Foundation. 

DF 8 Investigation of the 9 Be(p,d 3 He) Quasi-Free Re¬ 
action in a Non-Coplanar Geometry .* A. NADASEN, N. S. 
CHANT, P. G. ROOS, T. A. CAREY, R. COWEN, C. SAMANTA, 


and J. WESICK, U. of Maryland- Measurements of the 
9 Be(p,d 3 He) 5 He reaction for 10 out-of-plane angles rang¬ 
ing up to 21° were made concurrently with previously re¬ 
ported (p,pa) data.* The energy sharing distributions 
show a smooth trend with out-of-plane angles, with the 
S-state knockout dominating for the coplanar angle and 
the importance of the D-state increasing as one moves 
away from the reaction plane. Distorted wave calcula¬ 
tions provide excellent fits to the data, confirming 
the validity of the DWIA treatment of this quasi-free 
reaction. The a spectroscopic factors extracted for 
both the S- and D-states are in remarkable agreement 
with those derived from the (p,pa) data 1 and theoretical 
predictions. 2 This comparison clearly indicates that 
the (p,pa) and (p,d 3 He) reactions arise from the inter¬ 
action of the projectile with an a-cluster in the nucleus. 

*Supported in part by the National Science Foundation. 

*A. Nadasen, et al . , BAPS 24^, 828 (1979) . 

2 D. Kurath, Phys. Rev. C 1 _, 139 (1973) . 

DF 9 Elastic and Inelastic Scattering of 100 MeV 
Protons from 46,48,5OTi.* L. W. WOO, N. S. WALL, P. H. 
DEBENHAM, K. KWIATKOWSKI, S. MICEK 1 ", A. NADASEN, and 
P. G. ROOS, U. of Maryland- Differential cross sections 
for the elastic and inelastic scattering of 100 MeV pro¬ 
tons from 46,48, 50 Ti were mea sured for angles ranging 
from 9° to VL04°. Systematics of the optical model (OM) 
analysis of the elastic scattering data and DWBA calcu¬ 
lations for excitation to the first 2 + states will be 
presented. Relative nuclear sizes derived from this ex¬ 
periment are compared with the results of alpha- 1 and 
electron-scattering 2 experiments. The isospin depen¬ 
dence of the OM potentials will also be discussed. 

*Supported in part by the National Science Foundation. 

^Permanent address: Institute of Physics, Jagellonian 
University, Krakow, Poland. 

1 P.L. Roberson, et al., Phys. Rev. Lett. 42, 54 (1979). 

2 E. F. Romberg, et al ., Nucl. Phys. A173 , 124 (1971). 

DF 10 The 12 C(p,n) 12 N Reaction at 99.1 MeV.* J. 

KNUDS0N, M. AHMAD, B.D. ANDERSON, A.R. BALDWIN, A. 

FAZELY, J.W. WATSON, and R. MADEY, Kent State U ., and 
C.C. FOSTER, Indiana U.--We measured cross sections for 
the 12 C(p,n) lz N reaction at 99.1 MeV for laboratory 
angles between 0° and 48.5° with the beam-swinger 
facility at the IUCF. Two detector stations were used: 
one at 68.0 m was for angles between 0° and 24.5°; the 
other at 76.3 m was for angles between 24° and 48.5°. 
Overall energy resolutions of 260 keV and 230 keV for 
neutrons of about 80 MeV were achieved at the first and 
second detector stations, respectively, with large- 
volume mean-timed detector arrays. Cross sections for 
the 12 N ground state (1 + ) and 0.96 MeV state (2 + ) are 
compared with a DWIA calculation from Love using an 
effective nucleon-nucleon interaction 1 derived from the 
free nucleon-nucleon force. For the ground state, the 
calculation agrees with the data out to about 30° and 
falls significantly below at wider angles; for the 0.96 
MeV state, the calculation must be reduced by 35% to 
obtain agreement with the data at forward angles. 

*Research supported in part by the N.S.F. 

Iw.G. Love, Conference on the (p,n) Reaction and Nucle¬ 
on-Nucleon Forces (Telluride, 1979); and pvt. comm. 

DF 11 Neutron Matter Distributions from Quasi-Elastic 
(p,n) Reactions in 9U,92,94 Zr and 12 ^Sn . R. S. 

RAYMOND, D. A. LIND, T. G. MASTERSON, E. SUGARBAKER, and 
C. D. ZAFIRATOS, Univ . of Colo /,* C. C. FOSTER, Indiana 
Univ.,** and S. D. SCHERY, New Mexico Inst , of Mining & 
Tech.—The quasi-elastic scattering (p,n) reactions to 
the IAS ground states of 90,92,94 Zr and 112,116,12 Sn 
were measured at 79.2 MeV using the IUCF facilities. The 
measurements extended from 0 to 24° with a flight path of 
46.3 m and a time resolution of 1.2 ns. Background was 
reduced substantially by use of large veto detectors. 
Absolute cross sections are based on the Li(p,n) Be reac- 
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tion at the same energy. 1 The isotopic differences at 
this energy are markedly smaller than at 35 or 22 MeV. In 
a folding model analysis the form factor is obtained by 
folding the effective isospin component of the nucleon- 
nucleon interaction with the nuclear matter distributions. 
A discussion of the conclusions regarding neutron density 
distributions which may be derived from this type,of ex¬ 
periment will be presented. 

* Work supported in part by USDOE. 

**Work supported in part by NSF. 

1 C. C. Foster £t al., Bull. Am. Phys. Soc. 2A , 828 (1979). 

DF 12 Analyzing-Power Measurements for 24 Mg(p,d) at 
95 MeV. D.W. MILLER, D.W. DEVINS, W.W. JACOBS, and 
W.P. JONES, Indiana Univ. ,* and J.R. SHEPARD, Univ. of 
Colorado .^—Analyzing-power angular distributions have 
been measured at 95-MeV bombarding energy for prominent 
states excited by the 24 Mg(^,d) reaction up to 10.57- 
MeV excitation in 23 Mg using the IUCF QDDM spectro¬ 
graph. For angles <12°, large negative analyzing 
powers are observed for V\f 2 pickup and small positive 
analyzing powers for p 3 / 2 pickup. The j-dependence 
for d-pickup is more pronounced from 30°-40° than at 
forward angles. Very large oscillations in the ana¬ 
lyzing power for s-pickup are observed; the analyzing 
power exceeds +90% near 20°. The deep-hole p states 
observed* at 8.91, 9.67, and 10.57-MeV excitation are 
tentatively identified as p 3 / 2 and the 9.02-MeV state 
as Pl/2* Results of a DWBA analysis will be presented. 

*Work supported in part by the National Science Founda¬ 
tion. 

TWork supported in part by the US DOE. 
a D.W. Miller, W.P. Jones, D.W. Devins, R.E. Marrs, and 
J. Kehayias, Phys. Rev. C 20, 2008 (1979). 


DF 13 Analyzing Powers for the (p,p*) Excitation of 
Natural and Unnatural Parity States in 2Q8 Pb. * A.D. 
BACHER, G.T. EMERY, W.P. JONES, S. KAILAS, D.W. MILLER, 

H. NANN, and C. OLMER, Indiana U. , W.G. LOVE, U. of 
Georgia , and F. PETROVICH, Florida State U. —Analyzing 
powers for proton inelastic scattering from 208 Pb have 
been measured with a 100 MeV polarized proton beam 
from the Indiana University Cyclotron Facility. Re¬ 
sults have been obtained for the well-resolved 3~, 5i”, 

^2 > 2 , 4 , 6 + , 8+, 10/, 10 2 + and 12 + natural parity 
states and 12^ , 14 and 12 2 unnatural parity states. 
Preliminary analyses show at least qualitative agree¬ 
ment with predictions of DWIA calculations. 1 The de¬ 
pendence of the analyzing powers on the amount of 
mixing between the neutron and proton particle-hole 
components of the two 12“ states will be discussed. 

*Work supported by the National Science Foundation. 

W.G. Love et al. , Bull. Am. Phys. Soc. 2A, 820 (1979). 

I SESSION DG: HEAVY IONS III 
Tuesday morning, 29 April 1980 

Rockville Room, Sheraton Washington Hotel at 9:00 A.M. 

C.K. Gelbke, presiding 

DG 1 Evidence for Peripheral Collisions in Incomplete 
Fusion Reactions .* J.H. BARKER, St. Louis U.; J.R. 

BEENE, M.L. HALBERT, D.C. HENSLEY, Oak Ridge Nat. Lab .+; 
and M. JAASKELAINEN, D.G. SARANTITES, R. WOODWARD, 
Washington U .—Side feeding patterns in the non¬ 
collective nuclei 151 Dy and 152 Dy observed in coincidence 
with a-particles from the reactions 142 MeV ( 16 0,axn) on 
1I+6 Nd indicate two distinct reaction mechanisms. The 
patterns in coincidence with backward emitted a-particles 
show a triangular distribution, ranging from spin 0 to 36 
while those in coincidence with energetic forward emitted 
alphas show localization in the spin range 24 to 36, in¬ 
dicating these incomplete fusion reactions occur only at 
a narrow band of high £-values. 

Supported in part by the U.S.D.O.E. 

+0perated by Union Carbide Corp. for U.S.D.O.E. 


DG 2 Observation of Nonequilibrium Neutron Emission 
in Reactions of 208-MeV ib 0 with y3 Nb. G. A. PETITT, 
ba. State U ., R. L. FERGUSON, A. GAVRON, D. C. HENSLEY, 

F. E. OBENSHAIN, F. PLASH, A. H. SNELL, G. R. YOUNG, 
PRNL ,* K. A. GEOFFROY, D. G. SARANTITES, Washington U ., 
hnd C. F. MAGUIRE, Vanderbilt U .--Energy and angular 
distributions of neutrons emitted in coincidence with 
deeply inelastic products (DIP) or evaporation residues 
(ER) from reactions of 208-MeV 16 0 with 93 Nb have been 
measured. Products were detected in a pair of AE-E 
telescopes positioned a few degrees outside the grazing 
fctngle on either side of the beam. Neutron energies were 
measured by the time-of-flight method using eight NE213 
scintillators. In the forward direction about 60% of 
neutrons detected in coincidence with DIP are consistent 
with statistical emission from fully accelerated target- 
like fragments, while the remaining faster neutrons have 
velocities comparable to the projectile velocity of 
5 cm/ns. The angular correlation of these fast neutrons 
(3eaks on the same side of the beam axis as the coincident 
projectile-like fragments, between the beam direction and 
the AE-E telescopes. Fast neutrons are considerably less 
abundant in neutron spectra associated with ER detected 
pear the grazing angle. 

^Op e rat e d -by-Un ion Car t4-de Dorp. for the U. S^-DOi. 

DG 3 Cross Section Dependence on Z 2 /A in 
Heavy Ion Fusion Reactions .* A. DIRIENZO. 

H. ENGE, D. GROGAN, J. MOLITORIS, A 0 SPERDUTO, 

M. SALOMAA, MIT, W. SCHIER, U. of Lowell , H. 
WEGNER, BNL .—Evaporation residues produced in 
several heavy-ion fusion reactions ranging from 
40ca+ 162 Dy to 37d+186 w were observed at zero 
degree utilizing the MIT-BNL Recoil-Mass Selec¬ 
tor (RMS). The recoiling nuclei were separated 
from the beam and refocused onto a surface bar¬ 
rier detector by a combination of electrosta¬ 
tic and magnetic dipole fields and magnetic 
quadrupole lenses. The residual nuclei are 
alpha-radioactive and can thus be identified 
by a characteristic alpha line observed after 
the arrival pulse of the evaporation residue. 

The recoiling nuclei also passed through a gas 
ionization chamber whereas the decay alphas 
did not. A separate anticoincidence spectrum 
therefore displayed the alphas background free. 
Trends of evaporation-residue cross sections 
(fission survival) are compared with the cal¬ 
culations presented in the previous paper. 
*Partially supported by ERDA Co. #EY-76-C-02- 
3069. 

DG 4 Test of "Cold Nucleus" Concept in Forma¬ 
tion of the Compound Nucleus 204 Rn . H. WEGNER, 
BNL , W. SCHIER, U. of Lowell , H. ENGE, A. 
DIRIENZO, A. SPERDUTO, M. SALOMAA, S. GAZES, 

MIT.—Excitation functions for evaporation re¬ 
sidues formed by multi-nucleon boiloff from 
the compound nucleus 204R n we re obtained for 
the reactions 65cu+ 139 La and 35 Cl+ 169 Tm, uti¬ 
lizing the MIT-BNL Recoil Mass Selector. In 
the 65 cu reaction measurements were made in 5 
MeV steps from 267-287 MeV beam energy, cor¬ 
responding to an excitation energy range in 
204 rh of 35-49 MeV. For the 33 C1 reaction 
measurements were made from 150 to 185 MeV 
corresponding to 42-70 MeV excitation in 20 4 Rn. 
Cross sections will be compared as well as the 
details of compound nucleus breakup, specifi¬ 
cally for the region of overlap in excitation 
energies from 42-49 MeV. 

* 

Work partially supported by ERDA Contract No. 
EY-76-C-02-3069. 

DG 5 ia-B^rn Invest isaUQhg OJL Nanosecond Isomers 
Far-fflg.4 in £§.,£&( 1D &, rn. XC.) Reactions . 

W.ANDREJTSCHEFF*, P.RAGHAVAN, M.SENBA, and N.TS0UPAS, 
Rutgers U.* —The study of EM transition strengths in 

odd-A and odd-odd nuclei in the As-3e region provides 
information on nuclear states with different degrees of 
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deformation as well as on the proton-neutron residual 
interaction. A search for isomers (>2ns) has been start¬ 
ed with a 56 MeV 16 0 pulsed beam from the Rutgers-Bell 
Tandem by means of the delayed coincidence method util¬ 
izing an intrinsic Ge detector. The experiments have 
been done with targets of natural Fe and Co and con¬ 
firmed the existence of several delayed transitions in 
this mass region. Further, indications for new isomers, 
e.g. in ' 0, '~As and '^Se are evident. The investiga¬ 
tions are in progress. 

*0n leave from the Inst, of Nucl. Research, 1113 Sofia. 
+ Supported in part by the NSF. 


0-Value Dependence of Heavy-Ion Transfer Reactions.* 
J.S. KARP. S.G". STEADMAN, MIT, Y. ALHASSID, Cal. Inst .~ 
of Tech., and R.D. LEVINE, Hebrew U. of Jerusalem . --We 
have studied the Q-value dependence of the cross section 
of heavy-ion transfer reactions to high-lying states in 
terms of a phenomenological constrained phase-space anal¬ 
ysis. This enables us to determine the important dynam¬ 
ic constraints that govern the reaction and describe the 
the statistical dispersion about these constraints. We 
have measured the energy spectra of transfer reactions 
while systematically varying the bombarding energy, 
scattering angle, target and projectile: 6 0 + Th, 

nat Ni and 15 N + 232 Th, 181 Ta, 58 > 60 Ni at energies rang¬ 
ing from the Coulomb barrier up to 125 MeV, at and about 
the grazing angle. The dominant constraint of the reac¬ 
tion is the optimal Q-value, whose strong dependence on 
the number of transferred nucleons is interpreted with a 
semiclassical model which includes momentum matching and 
tangential friction. A second constraint on the average 
square root of the excitation energy is related to the 
width of the exciton distribution in the large residual 
nucleus. The systematic behavior of these constraints 
will be discussed. 

*Work supported by US DOE Contract #EY76-C-02-3069 


Single Nucleon Transfer Induced by 45 MeV 12 C on a 48 Ca 

Target. J. F. PETERSEN and R. J. ASCUITTO, Yale Univer¬ 

sity,*!). G. KOVAR, S. J. SANDERS, W. HENNING, and M. 
PAUL, A rgonne National Laboratory , t — Angular distribu¬ 
tions have been measured for states populated via the reac¬ 
tions 48 Ca (12c, 11 B)49 Sc and 48 Ca ( l2 C, 13 C) 47 Ca. A 45 
MeV 12 C beam from the Argonne FN Tandem was used, with 
the reaction products being detected at the focal plane of an 
Enge split-pole spectrometer. The elastic scattering cross 
section was also measured and fit with an optical model anal¬ 
ysis. The reaction data are not satisfactorily reproduced by 
conventional DWBA calculations, as has often been the case 
with heavy-ion induced reactions. 1 An improved description 
of these data, using an effective Q-value model, will be pre¬ 
sented. These results will be compared to an earlier success¬ 
ful application of this model to 18 0 + 48 Ca scattering. 2 

* Work supported by USDOE Contract No. EY-76-C-02-3074. 
t Work performed under the auspices of the USDOE. 

1 D.G. Kovar, et al. , Phys. Rev. C 17 (1978) 83. 

2 E. A. Seglie, et al ., Phys. Rev. Lett. 42 (1979) 956. 

DG 8 Fusion Cross Section for l2 C + 7 Li .* L. C. 
DENNIS, A. D. FRAWLEY, K. W. KEMPER, and J. SZYMAKOWSKI, 
Florida State U .—We present the results of measurements 
of the fusion cross section for 12 C + 7 Li for 7 Li ener¬ 
gies from 10 to 38 MeV in 2 MeV steps. Flight times of 
the residuals were measured along a 3 meter flight path 
with a micro-channel plate and a Si surface barrier 
detector. This system provided unit mass resolution 
for all residuals of interest. The methods used to 
differentiate between residuals resulting from the 
evaporation of light particles and other mechanisms 
will be discussed. Compound nucleus calculations, 
using the critical angular momenta extracted from the 
fusion measurements, will also be presented for several 


final states in 16 0 populated by the 12 C( 7 Li,t) reac¬ 
tion. 

*Work supported in part by the National Science Foun¬ 
dation. 


DG 9 40 .16^ 12 . 

Variation of Energy Spectra of Ca( Q, C) with 

Incident Energy. E. TAKADA, T. SHIMODA, T. YAMAYA, N. 

TAKAHASHI, and K. NAGATANI, Texas A&M U.* —A series of 
studies to understand the continuum spectra induced by 
heavy-ion reactions has been carried out in view of the 
direct reaction mechanism. In particular, an interplay 
between the transfer and the projectile breakup process 
was pointed out in the 40 Ca( 2 °Ne, 16 O) reaction. 1 We 
present here the incident energy dependence of the 
reaction 40 Ca( 16 O, 12 C) obtained from the experimental 
results taken at E = 143, 228 and 310 MeV. Sharp peaking 
at forward angles in the high energy region of spectra 
becomes more dominant at higher incident energies. This 
forward peaking, which gradually disappears toward 
backward angles, in turn causes considerable change in 
the energy integrated angular distribution for different 
incident energies. Theoretical interpretation will be 
discussed. 

X T. Udagawa et al., Phys. Rev. C20 , 1949 (1979). 

*Work supported in part by the National Science 
Foundation. 

DG 10 Study of the Reaction 24 Mq( 28 Si, 24 Mq) 28 Si from 66 
to 86 MeV. NELSON STEIN, N. CINDR0+, D.M. DRAKE, J.D^ 
MOSES, J.C. PENG, AND J.W. SUNIER, Los Alamos Scientific 
Laboratory.*--Backward elastic scattering of 2a Si from 
24Mg has been measured for 28 Si incident energies of 66 
to 86 MeV at e(lab)=15°, and from 70 to 86 MeV at 6°, 
using a Q3D spectrograph to detect 24 Mg ions at those 
angles. The excitation functions show structure at both 
angles, but it is more pronounced at 6° with maxima at 
74,78, and 84 MeV. The 15° differential cross section 
falls sharply between 66 and 70 MeV, and then rises 
gradually to regain a factor of 4 in magnitude in the 
region of 78 to 86 MeV. AnguTar distributions for the 
reaction 24 Mg( 28 Si, 24 Mg) 28 Si were measured at 75 and 83.5 
MeV near two of the peaks. At 83.5 MeV the shape is 
oscillatory between 7° and 62° c.m., consistent with a 
squared Legendre polynomial of J=25. The 75 MeV angular 
distribution is also oscillatory from 7.5P to 84° c.m., 
but the maxima increase toward 90° unlike a Pj^(cos9) 
function. 

*Work supported by the U.S. Department of Energy. 
^Permanent Address: Zagreb, Yugoslavia. 

DG 11 Fusion and Peripheral Reactions for 28 Ne+ 28 Ne and 
20^j e+ 16o at Bombarding Enerqies up to 8 MeV/A. D. DIGRE- 
IG0RI0, + R.A."DAYRA$, J.L.C. FORD, JR., J. "GOMEZ DEL 
CAMP0, 0. SHAPIRA, A.H. SNELL, P.H. STELS0N AND R.G. 
ST0KSTAD, Oak Ridge National Laboratory* *—The cross 
sections for fusion and peripheral reactions have been 
treasured for the 20 Ne+ 20 Ne and 20 Ne+ 16 0 systems at five 
^ 8 Ne bombarding energies from 80-167 MeV. The measure¬ 
ments were made using a gas cell target. 1 The absolute 
normalizations were determined by Rutherford scattering 
D f 20Ne from a small admixture (~0.2%) of Xe. The fusion 
cross sections for both systems are nearly constant at 
high energies with maximum values of ~1200 mb for 
e0 Ne +20Ne and -1000 mb for 20 Ne +16o. This difference 
■( 20%) exceeds that expected ( 8%) by a simple A 1 /- 3 
scaling of the critical radius for fusion. In addition 
to the fusion (v^v compounc | nucleus) and direct reactions 
(v-Vp ro -j ec ti-|e) > a th ^ rd component with intermediate 
velocity appears in the energy spectra for 6 < Z i 10, 
taken at the hig her bombarding energies. 


+ 0n leave from CNEA. Buenos Aires, Argentina. 

^Present address: CEN, Saclay, France. 

^Operated by Union Carbide Corp. for the Dept, of 
Energy under Contract No. W-7405-eng-26. 

!d,_ Shajiira Nucl^ Inslr.unb Meth. 163_, .325 (1979^ 
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DG 12 

Fusion of ^0 + 24,26^ at Higher Energies .* 

D. G. KOVAR, C. JACHCINSKY, C. N. DAVIDS, W. HENNING, 

S. J. SANDERS, Argonne National Lab . — Previous measure¬ 
ments have established the total fusion cross section 
behavior for the 16o + 24 > 28 Mg systems over the energy 
range 30 ^ E2 ab (^ 8 0) ^ 80 MeV. In the present study, 
these measurements are extended to Ei ab = 138 MeV using 
6 0 beams from the ANL superconducting linac booster. 
Complete angular distributions for the evaporation 
residues were obtained at E lab = 60, 100, and 138 MeV, 
and single—angle (0^ = 8°) measurements were performed 
in ^10 MeV steps over the energy range 80 1 Ei ab - 138 
MeV. The data indicate that the fusion cross sections 
for both systems saturate (ajg* % 1100 mb) at E lab Jfc 60 
MeV and remain approximately constant up to an energy 
of E lab ^ 100 MeV at which point their magnitude 
decreases rather sharply. The criteria used in defining 
the fusion cross sections will be discussed. Comparisons 
to tlie predictions of various current models will be 
presented. 

* 

Supported by the U. S. Department of Energy. 

S. Tabor, et al., Phys. Rev. C17 , 2136 (1978). 

DG 13 

A Study of the Reaction 1 8 0 + 24 Mg -* 20 Ne + 22 Ne, 

J. D. MOSES, J. C. PENG, NELSON STEIN, D. M. DRAKE, J. W. 
SUNIER, Los Alamos Scientific Laboratory*--The forward 
angle excitation functions for the two-proton pickup 
reaction 24 Mg( 18 0, 20 Ne) 22 Ne and the alpha pickup reac¬ 
tion 24 Mg( 18 0, 22 Ne) 20 Ne have been measured using the 
LASL FN tandem and Q3D spectrograph. A nearly complete 
angular distribution has been obtain at 56.5 MeV. The 
22 Ne ground-state excitation function in the lab energy 
.range 44 $ E £ 60 MeV shows structure reminiscent of 
that seen in other alpha transfer reactions with heavy 
ions. The 20 Ne ground-state cross section is about an 
order of magnitude larger at forward angles, and the 
excitation function appears structureless. We are at¬ 
tempting to determine if the excitation functions can 
be explained by interference between the two transfer 
processes. The results of this analysis will be pre¬ 
sented. 

* Work supported by the U. S. Department of Energy. 

DG 14 Distribution of Reaction Strengths in 
. S + 4 ° * 4d Ca . W. HENNING. B. BACK. D. F. GF.F.SAMAN } 

C. M. JACHCINSKI, D. G. KOVAR, C. OLMER, M. PAUL, 

S. J. SANDERS, and J. P. SCHIFFER, Argonne Nat. Lab. *- 
The distribution of reaction strengths for 3Z S induced 
reactions on targets of 40 Ca and 4 ®Ca have been 
measured at bombarding energies 2 to 3 times the Coulomb 
barrier energy. The superconducting booster at the 
Argonne FN tandem was used to obtain 32 S beams with 
E lab = 170, 198 and 230 MeV. Energy spectra were 

measured using a AE-E solid-state particle telescope. 
Angular distributions were measured over the angular 
range 7 ^ ®lab ^ 60 • The energy dependence of the 

total yields, as well as characteristic differences 
between the two systems, are discussed. 

* 

Work supported by the U. S. Department of Energy. 

DG 15 Heavy-Ion Fragmentation .* S. L. TABOR, L. C. 
DENNIS, G. NEUSCHAEFER, and L. THEISEN, Florida State 
U.—Preliminary singles measurements have been made 
with beams of 63 MeV 12 C, 62.4 MeV 14 N, and 70 MeV 16 0 
on targets of 12 C, 27 A1, and 63 Cu. A gas-ionization 
counter-Si surface barrier telescope provided good Z 
identification. The forward angle spectra of particles 
lighter than the beam generally appear to peak at the 
beam velocity, which is a signature of projectile frag¬ 
mentation. It is reminiscent of what has been seen in 
the breakup of light ions. 1 More detailed systematics 
as a function of angle, beam energy, separation energy, 
beam species, and target mass will be discussed. 

*Work supported in part by the National Science Foun¬ 
dation. 

J. R. Wu, C. C. Chang, and H. D. Holmgren, Phys. Rev. 
Lett. 40, 1013 (1978). 


I SESSION DH: WEAK INTERACTIONS I 
Tuesday morning, 29 April 1980 

Ambassador Room, Shoreham-Americana Hotel at 9:00 A.M. 

A.J. Slaughter, presiding 

DH 1 

Solutions of Several Cosmological Problems if Planck-Mass 

Quarks (Unitons ) Exist. — lT Motz. Columbia University. 

J. Epstein, Bloomfield' College, NJ , J. Ullman, Lehman 
College, CUNY .--- We show that the existence of enormously 
heavy quarks (unjtons) with a mass of the order of the 
Planck mass (10’ gms) leads to the solution of several 
puzzling cosmological problems. Triplets of such objects 
will bind gravitationally into baryons with a binding en¬ 
ergy of 10 GEY per nucleon. Hence a density of free 
quarks of such a mass, left oyer uncombined from the early 
universe, of about one per 10 iO protons can account for: 

(1) the missing mass required to stablize clusters of galax¬ 
ies and to close the universe; (2) the energy source of 
uasars; (3) the missing solar neutrino flux; (4) the ra- 
iation of heat from Jupiter, and possibly the relation¬ 
ship between the masses of the outer planets and their 
distances from the sun; (5) the vast energies in the cen¬ 
ters of galaxies, which in the case of our galaxy is evi¬ 
denced by the recently discovered 511 kilovolt radiation 
with a power equivalent to the production of 10 42 e + e~ 
pairs per second. 


DH 2 

Experimental Search for Planck-Mass Particles . 

J.D. ULLMAN*, Herbert Lehman College ; JEROME EP¬ 

STEIN, Bloomfield College ; L. M0TZ, Columbia U. 

It has been suggested** that particles with mass 
of the order of the Planck mass (ftc/G)' / *~10“5 g and 
either electrostatic or magnetic monopole charge 
might exist. They would fall through ordinary matter 
on Earth but might be found in the galactic halo 
through which we move at some hundreds of km/sec, or 
frozen in primordial meteoric matter reaching the 
Ea;rth at tens of km/sec. They would probably escape 
detection by methods used in quark or monopole searches 
or in cosmic ray work because of their low velocity, 
but they should ionize enough to be detected by an 
experiment designed for that purpose. A proportional 
counter array (1 m 2 - steradian) sensitive to such 
particles moving at 20 to 5Q0 km/sec is now in oper¬ 
ation, Limits on the observed flux will be presented. 

*Now at Chemistry Dept. Brookhaven Nat'l Lab. 

**L. >fotz § J. Epstein, Nuovo Cimento 51A , 88, (1979) 
and references therein. 

J.B. Preskill, Phys . Rev . Letters , 43, 1365, (1979) 


DH 3 

Sum Rules for Masses 6 Magn etic Moments of Baryons 
Deduced from a Gravitational Linear Rotator Model. 

J. Epstein, Bloomfield College, NJ and L. Motz, 

Columbia University. — In a series of papers we have 
shown that the existence of quantum black holes (unitons) 
leads to a very simple, attractive model of baryons if we 
identify the unitons with the quarks of the simple SU(3) 
theory. We have shown that the gravitational, linear ro¬ 
tator model thus obtainedcoorrectly predicts, inter alia, 
the nucleon radius, the proton and neutron magnetic moments 
and their mass difference, the value of the fine struc¬ 
ture constant, and the masses of leptons, mesons, and 
baryons to a high accuracy. Here we use the symmetry of 
the linear rotator (the ’di-quark - spectator’ symmetry) 
to derive sum rules. The simple assumption that each quark 
flavor contributes a definite mass to the baryon when it 
is at either end of the rotator, but a different definite 
mass when it is at the center, independent of the baryon in 
which it is bound, leads to correct mass relationships, in¬ 
cluding the Gell-Mann - Okubo formula. Relationships are 
found for both the octet and decimet. A similar assumption 
for-the quark magnetic moments, however, gives contradictory 
results, similar to the incorrect results obtained from 
group theory. But reasonable dynamical assumptions, as we 
show, lead to correct results if one gives up simple add¬ 
itivity. But more than one solution is then possible. 
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DH 4 Static Meson Potentials . M. Bolsterli, 
Los Alamos Scientific Laboratory . The poten- 
tials between static sources of meson field are 
computed for various cases of interest. For 
isoscalar mesons, the interaction via scalar 
meson field is the well known Yukawa potential; 
the interaction via isoscalar vector meson 
field is shown to have the expected Yukawa 
form when an appropriate Hamiltonian is used. 
For isovector mesons, which interact with non- 
Abel ian current operators, numerical computa¬ 
tions of the potential for vector meson field 
interaction demonstrate that, in contrast to 
the Abelian cases, the non-Abelian interaction 
potentials are not the same as the one-meson- 
exchange potentials. \ 

DH 5 Beta Decay of Polarized Sigma Minus Hyperons : 
Results Compared to SU(3) Model Predictions .* 

W. E. KEIG, B. NELSON, D. A. PARK, R. WINSTON, Univ . 
of Chicago, C. E. WARD, J. M. WATSON, Argonne Natlon- 
al Lab., E. C. SWALLOW, Elmhurst College , A. LESNIK, 

T. A. ROMANOWSKI, Ohio State Univ . — Recent results 
of an experiment to measure the electron asymmetry in 
the Beta decay of polarized Sigma minus hyperons are 
shown along with previous experimental measurements 
of Sigma minus Beta decay asymmetries, and the results 
are compared to SU(3) model predictions. 


♦Research supported by NSF and DOE. 


DH 6 Measurement of the Electron Asymmetry in 
Polarized Z~ -> ne~v Decay .* D. A. PARK, W. E. KEIG, 
B. NELSON, R. WINSTON, Univ. of Chicago , C. E. WARD, 
J. M. WATSON, Argonne National Lab ., E. C. SWALLOW, 
Elmhurst College , P. KELLER, A. LESNIK, T. A. RO¬ 
MANOWSKI, Ohio State Univ . — We present the data 
from a counter experiment at the Argonne Zero 
Gradient Synchrotron measuring the electron asymmetry 
of the E” -*» ne“v decay. An electronically tagged low 
momentum (420 MeV/c) enriched K~ beam incident on a 
liquid hydrogen target was used to produce E” hy¬ 
perons of known polarization (typically 0.6) from 
K“p + E~ir+. Events were identified using a wide gap 
spectrometer magnet with multi-wire proportional 
chambers, wire spark chambers, and segmented scintil¬ 
lator and gas Cerenkov counter arrays. 


* Supported by U.S. DOE and U.S. NSF. 

DH 7 Can We See Nuclear P and T Violation in 
Atomic TransitionsT G.N. EPSTEIN,MIT*—In re- 
cent years much interest has arisen in the mea¬ 
surement of parity violations in atoms as a 
imeans to test current theories of the weak in¬ 
teraction. The parity violations expected in 
atomic transitions are supposedly produced by a 
weak parity violating electron-nucleon inter¬ 
action mediated by a heavy neutral vector boson. 
It is natural to ask whether parity violation in 
the nucleus can also leave an imprint on atomic 
transitions. We analyse here the possibility 
that nuclear P and T violation may be observ¬ 
able in atomic transitions. Our main result is 
that in parity violation experiments currently 
underway on hydrogen and deuterium, the limits 
on the proton and deuteron electric dipole 
moments may be improved by as much as two and 
nine orders of magnitude respectively. The 
situation for heavier atoms is briefly examined. 
♦Supported by US DOE Contract EY-76-C-02-3069. 

DH 8 Sear ch for a Parity Asymmetry in Proton Nucleon 
Scattering at 6 GeV/c .* N. LOCKYER, T. A. ROMANOWSKI, 

The Ohio State University, J. D. BOWMAN, C. M. HOFFMAN, 
R. E. MISCHKE, D. E. NAGLE, J. M. POTTER, R. L. TALAGA, 
Los Alamos Scientific Laboratory, E. C. SWALLOW, Elmhurst 


College, D. ALDE,+ U. of Illinois, D. R. MOFFETT, Argonne 
National Laboratory.—We have measured the parity violat¬ 
ing asymmetry A = ^ , where a + (a_) is the total 

cross section for positive (negative) he!icity protons 
on a water target. Two independent detector systems, 
ionization chambers and scintillation counters, were used 
to perform a transmission experiment. Integrating the 
signals enabled us to accept 4 x 10°, 6 GeV/c polarized 
protons per pulse from the Argonne Zero Gradient Synchro¬ 
tron. Such a parity non-conserving asymmetry in proton 
nucleon scattering is the result of an interference 
between the weak and strong amplitudes. We will report 
results with a statistical sensitivity at or below 10“°. 
♦Supported in part by U.S. Department of Energy and 
National Science Foundation 
^Present address Columbia Univ. 

DH 9 Weak Neutral Currents in Singly Ionized Helium.* 
R.W. DUNFOKD, Princeton U. -- The study of weak neutral 
currents can be considered to have entered a new.phase, 
changing from a period of discovery to one of precision 
measurement of coupling constants. The four parity non¬ 
conserving weak neutral current couplings between the 
electron and the quarks are the most uncertain at pre¬ 
sent. Further progress in measuring these couplings 
will probably involve observation of parity nonconser¬ 
vation in hydrogen and other one-electron atoms. These 
systems can be used to determine all four coupling con¬ 
stants and because the atomic physics is known precise¬ 
ly, there is no uncertainty in interpretation. 

It has been suggested 1 ) that experiments similar 
to those already underway in hydrogen could be done in 
§He + and %Ie + . This possibility is explored and an ex¬ 
periment is discussed which can be sensitive to the 
nuclear spin independent weak coupling of the electron 
to the %Ie nucleus. It involves searching for a pari¬ 
ty nonconserving asymmetry in the rate of a microwave 
transition between Zeeman split 2S states of %e + . 

1) E.A. Hinds, V.W. Hughes, Phys. Lett. 67B, 487 (1977). 
*Work supported by N.S.F. Grant #PHY78-OlL-73. 


DH 10 Mass Dummies in Elementary Particles . 
B.G.WALLACE,Eckerd C.—The e model e mass dis¬ 
tribution mshe^/c^r is divided into cells of 
mass mi and radius r c and as(c^lJD)dD/dr 

•j = K 'i'’j*( p i* r ji )M i (2r c- r Ji ) / tV 2 r c“ r Jl^ 
The resultant mass-in-cell computer simulations 
show the proper mass distribution for rest and 
moving e,attraction, repulsion,annihilation, com¬ 
posite structure s, wave pat terns,and in general 
tend to confirm predictions of the dynamics in¬ 
volved in strong, weak, electromagnetic,and grav¬ 
itational interactions .* Analysis of weak decay 
and N-N strong interactions based on the method 
used for the binding energy per nucleon of nu- 
clieds shows a pion content that ranges from n+ 
itO for K* to 2**3*-*° for il". The n+n-* 0 con¬ 
tent for n is at the binding energy per pion 
peak of -175 MeV,and the n energy mass ratio of 
.56 is close to the .60 ratio for its e decay. 
The .60 ratio implies a n° content of 104 e± 
that tends to explain the ^ 100 X strong to 
electromagnetic interaction ratio. 

1 B. G. Wallace, Found . Phys. J, 3$1 (1973)* 

DH 11 Magnetostatics of Linear Circuits; Neo-Ritzian 
Theory ( Introduction). R.B. DRISCOLL. P.0. Box 637, Oak¬ 
land, P.A 04604.—Each elementary particle (EP) is compos¬ 
ed of n=l t 2;'377. ._jpointlike particles (PPs) of mass m. 
whose velocities C. ftranslational & zitterbewegung) afe 
quantized:1CI«3xl0 cm/s. i=l,2,...,n. EP-species fixes 
m. ,n. Each PP emits spontaneously massive (say, lOJ^gm) 
field particles (FPs) isotropically at velocities C* in 2 
its rest frame (RF). Each mass unit of FP flux A’agg’R 
entering another PP causes flux A M =(a+bv+cOA* of colin¬ 
ear FPs at velocities C** in the absorbing PP's RF. g(g») 
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represents the strength^o^ a^P£ a£ 0(R) as source(absorb¬ 
er/emitter) of FPe. CwaV—C*aC+C**C*• C**aC*aC*aC. a,b t e; 
parameters of FP & absorber substance , bl, , 1C I result from 
total absorption-emission of^FPs^of all^rields. Force by 



DH 12 

The Mathematical Basis for Physical Laws , R.E. COLLINS, 
The University of Texas at Austin, Austin, Texas 78712. It 
is shown that imposition of the requirements of different¬ 
iability on a probability distribution imposes a structure 
on the probability formalism having the appearance of phys¬ 
ical theory. We exhibit both the classical and quantum 
mechanical descriptions for the motion of a single point 
particle as consequences of describing the motion in terms 
of a differentiable probability density. It is shown that 
the particle must appear as acted upon by a force having 
the form of the Lorentz force. 


the P t spectrum of a single converted gamma. Semi-leptonic 
decays of the were collected simultaneously for normal¬ 
ization. The experimental technique will be discussed and 
preliminary results given. 

* Presently at Brookhaven National Laboratory 
** Supported by U.S. Department of Energy 
*** Supported by National Science Foundation 


DH 16 

Search for New Long-Lived Neutral Particles , G.J. BOCK, 
R.D. COUSINS, Jr, J.F. GREENHALGH, M. SCHWARTZ, Stanford 
R. BERNSTEIN, B. WINSTEIN, U. of Chicago* D. HEDIN, G.B. 
THOMSON, U. of W?scons in* *—We have searched for the deca 
of new, long-lived neutral particles produced in 400 GeV/ 
P-Be interactions by studying the Pt spectrum of single 
particles rising out of the Fermi lab K° beam. A new part 
hadron or lepton, would appear as an enhancement on this 
Pt spectrum. The search is sensitive to particles with a 
mass > .5 GeV and lifetime exceeding 10”8 seconds. The 
experimental techniques will be described and preliminary 
results will be presented. 


* Supported by National Science Foundation 
** Supported by U.S. Department of Energy 


DH 13 A First Measurement of Parity Violating Neutron 
Spin Precession . M. FORTE, Eurutom CCR Ispra*. B. HECKEL 
and N. RAMSEY, Harvard U. , K. GREEN and G. GREENE, 
Rutherford Lab. , M. PENDLEBURf ^nd T. SUMNER, Sussex Un .. 
P.D. MILLER and W. DRESS, ORNL+ +— n the passage of 
a beam of neutrons through matter, the component of the 
neutron polarization vector transverse to the neutron 
momentum undergoes a rotation, <J>, in the transverse plane 
due to the parity violating component of the neutron- 
nucleon and neutron-electron weak interactions 1 . We have 
used a crossed polarizer technique (analogous to optical 
techniques) on a cold neutron beam at the Institut 
Laue-Langevin High Flux Reactor to achieve the first 
measurement of the PNC neutron spin precession, <}>. The 
samples used were a 5 cm length of both natural Sn, and 
Sn 124 .Preliminary results are : ^(natural Sn) = 5.1± 1 .3 
x 10” 6 rad. / cm and c^CSn 1 24 ) = 1.0 ± 1.3 ± 10 -6 rad./cm 
( errors are I a). Tests are in progress to confirm the 
absence of systematic effects at the 10~ 6 rad./cm level. 
+ M. Forte et al., I.L.L. Research Proposal 03-05-003. 
++ Supported in part by U.S. D.O.E. under contract to 
Union Carbide. 

X F. Curtis Michel, Phys. Rev. 133 , B329 (1964). 


I SESSION Dl: GAMMA RAY ASTRONOMY 
Tuesday morning, 29 April 1980 
Tudor Room, Shoreham-Americana Hotel at 9:00 A.M. 
F.D. Martin, presiding 


DI 1 In-Orbit Characteristics of the HEAP-3 
High Spectral Resolution Gamma-Ray Spectrometer. 

J.B. WILLETT, J.C. LING, W.A. MAHONEY, And A.S. 
JACOBSON, Jet Propulsion Laboratory , California 
Institute of Technology . - Some significant re¬ 
sults on the in-orbit performance of the HEAO-3 
gamma-ray spectrometer will be presented. Radio¬ 
activation of materials in the instrument will 
be discussed and a list of more than 120 gamma- 
ray lines (most of which arise from proton acti¬ 
vation of instrument materials, including Ge and 
Csl) will be presented. In addition, the observed 
radiation damage to the high purity Germanium 
crystals will be reviewed and these observations 
will be compared to predictions from accelerator 
tests. 


DH 14 Hadronic Weak Decays of Charmed Mesons . H.c. LEE, 
AECL, Chalk River Nuclear Labs . —Analysis of Cabibbo- 
favoured hadronic weak decays of charmed mesons suggests, 
in the valence quark model, that (i) annihilation pro¬ 
cess is as important as the quark decay process, and (ii) 
the 20-enhancement and 84-suppression mechanism is proba¬ 
bly as strong as in the decay of strange particles. Cal¬ 
culated partial widths, in 10 11 sec" 1 , for the modes 
D° ■+ K _ TT + , K°TT°, R-Tr+TT 0 , K°7T + 7r", K 0 7T°'rr°; D + ->K°TT 4 ', K“TT + 7 T + , 
—O + O + —O + —O t — + + + + n 

K TT TT ; F ->-K K , K K.°Tr+, K tt TT , ttit n are 3.5 (4.2+8.5/ 
-2.0), 3.5(3.2+8.3/-2. 1) , 10 (10+ 23/-6.1) , 7.8(4.1+9.0/ 
-2.2), 0.40, 0.60(0.23+0.40/-0.12), 1.5(0.56+1.0/-0.27), 
1.0, 31, 1.0, 4.4, 0.3 respectively. The experimental 
values in brackets are from the results of branching 
ratio 1 and life-time 2 measurements. 

1. J. Dorfan, APS Meeting, Montreal (1979) and private 
communication. 

2. N.W. Reay, APS Meeting, Montreal (1979) and 

J. Prentice, private communication. * 

DH 15 

A New Measurement of the K° -+ yy Branching Ratio , D. HEDIN 
S. H. ARONSON*, G.B. THOMSON, U. of Wisconsin**, G.J. BOCK 
R.D. COUSINS, Jr., J.F. GREENHALGH, M. SCHWARTZ, STANFORD 
R. BERNSTEIN, B. WINSTEIN, U. of Chicago*** — We hi^i 
measured the ratio (K° + yy)/(Kf -> iryv) using an MWPC 
spectrometer in the high intensity K£ beam at Fermi lab. T 
two photon mode was isolated by utilizing the enhancement 


DI 2 Limit on 6.13 MeV Line Radiation from the 
Galactic Center Region . P. P. DUNPHY, D. J. FORREST, 

E. L. CHUPP, M. L. CHERRY, and J. M. RYAN, U. of 
New Hampshire .*-A large balloon-borne gamma-ray 
detector, launched from Alice Springs, Australia, 
observed the Galactic Center region on November 22-23, 
1977. Since no line at 6.13 MeV is observable in our 
data, we place an upper limit of 1 x 10 _3 /cm 2 -sec 
(99% confidence level) on narrow and very narrow 
(FWHM <_ 100 keV) line emission 1 at 6.13 MeV from the 
Galactic Center region. This limit restricts the 
interpretation of the 6.13 MeV line flux reported by 
Willett et al. 2 Limits on other nuclear gamma ray 
lines above 0.6 MeV predicted by Ramaty et al. 1 to come 
from energetic particle reactions in the galaxy will be 
presented. 

*Work supported by NASA Grant NGL 30-002-021. 

1 R. Ramaty, B. Kozlovsky, and R. E. Lingenfelter, 

Astrophys. J. (Suppl.) 230 , 983 (1979). 

2 J. B. Willett, J. C. Ling, W. A. Mahoney, and A. S. 

Jacobson, Astrophys. J. 234 , 753 (1979). 

DI 3 A Search for Gamma-Ray Lines From the Galactic 
Plane and CAS A . W. S. PACIESAS\ T. L. CLINE, 

B. J. TEEGARDEN, NASA/GSFC , and W. K. H. SCHMIDT, MPI 
FUR AERONOMIE, KATLENBURG-LINDAU— A region of the 
galactic plane near galactic longitude 30° was observed 
on 26 May, 1979, with a fine energy resolution (~ 2 keV 
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FWHM), balloon-borne, cooled germanium spectrometer. 

The 511 keV annihilation line showed no enhancement 
attributable to a cosmic source, the corresponding 98% 
confidence upper limit being 1x10“ 3 photons/cnr-sec. 

Limits to the possible existence of other astrophysically 
interesting gamma-ray lines will be discussed. A weak 
gamma-ray continuum was seen at energies ^ 400 keV and 
will be compared with previous observations of other 
regions of the galactic plane. The supernova remnant 
Cas A was observed during the same balloon flight. No 
significant gamna-ray emission was evident and upper 
limits will be presented. 

*NAS/NRC Resident Research Associate 

DI 4 The Diffuse Cosmic y-Ray Background Measured by 
HEAO A-4. R.L. KINZER, NRL, J.L. MATTESON, D.E. GRUBER, 

P. NOLAN, L.E. PETERSON, UCSD- -During 6 months of the 
HEAO-1 mission the Hard X-Ray and Low Energy y-Ray Exper¬ 
iment (A-4) measured the diffuse cosmic y-ray background 
between ~0.1 and 2 MeV. Measurements were performed by 
alternately blocking and opening the 16 FWHM apertures 
of two 45 cm 2 x2.5 cm thick Nal(Tl) detectors with a 5 cm 
thick Csl(Na) shutter operated in both anticoincidence 
and passive modes. Differences between the aperture open 
and blocked spectra are interpreted as being due to the 
diffuse background and to subtle instrumental effects. 

Use of the blocking crystal in the passive and active 
modes on the same data sample provides strong limits on 
the magnitude of the instrumental effects. Below ~400 keV, 
uncertainties due to instrumental and background effects 
are small. In this range the resultant diffuse background 
photon spectrum from 30 days of data is well represented 
by a power law of index ~(-2.9)- Agreement is found with 
contemporary balloon measurements below ~160 keV and with 
the Apollo 15/16 measurements near 400 keV. This measure¬ 
ment taken together with measurements at higher and lower 
energies indicates a very significant "knee" in the MeV 
range, suggesting the presence of two or more distinct 
components. 

DI 5 The Pulsar Contribution to Galactic Plane y-ray 
Emission? A. K. HARDING/, NASA/GSFC— Pulsars are very 
efficient sources of y- radiation in the galaxy, the 
efficiency of y-ray emission increasing with age. We 
assume that the y-rays are produced by relativistic 
particles moving along curved magnetic field lines 
above the pulsar polar cap and attenuated by pair pro¬ 
duction in the strong magnetic and electric fields. 

The y-ray spectra calculated in this type of model agree 
well with the observed spectra from the Crab and Vela 
pulsars. Assuming that all pulsars produce y-rays in > 
this way, we can predict their luminosities as a func¬ 
tion of period and magnetic field strength. Using the 
distribution of pulsars in the galaxy, as determined 
from data on 219 pulsars detected in three surveys, and 
their predicted y-ray fluxes, we estimate the total 
y-ray emission from pulsars as a function of galactic 
longitude. This flux contribution is compared to the 
SAS 2 and COS B longitude data to determine the fraction 
of the total galactic emission which may be attributed 
to unresolved pulsars. 

^Submitted by F. W. Stecker 
/NAS/NRC Resident Research Associate 

DI 6 Galactic X-Ray and y-Ray Emission and the 
Nature of the Interstellar Electron Spectrum . 

R. J. PR0THER0E* and AW. WOLFENDALE*V NASA/GSFC- - 
An analysis is made of available data, both direct and 
indirect, on the energy spectrum of cosmic ray electrons. 
It will be shown that the data are consistent with an 
injection spectrum having a constant exponent, 
y = 2.1 +0.1 over a wide range in energy: 10-10 9 MeV. 
Explanations of the observed steep spectrum above 
~ 10 GeV will be discussed. 

*NAS/NRC Resident Research Associate on leave from 
Durham University, United Kingdom 
**Durham University, United Kingdom 

SUBMITTED BY: J. F. 0RMES 


DI 7 Cascade Model of Energetic Gamma Ray Emission 
from Pulsars .* J.K. DAUGHERTY, N. Carolina Central 
Univ .—The development of field-induced electromagnetic 
cascade showers above the surface of magnetic neutron 
stars has been simulated. The goal has been to esti¬ 
mate the high-energy gamma ray emission from such 
cascades and to compare the results with the pulsed 
gamma radiation observed from the Crab and Vela pulsars. 
The calculation is based on a dipole-field geometry 
and postulates the acceleration of electrons from the 
surface by rotation-induced electric fields. Using the 
energy of these primary electrons, the field strength, 
and the period of rotation as parameters, the calcula¬ 
tion follows the curvature radiation emitted by the 
primary electrons, the conversion of this radiation into 
e-^-pairs by the magnetic and electric fields, and the 
subsequent quantized magnetic bremsstrahlung by the 
secondary pairs. Higher generations of pairs produced 
by the magnetic bremsstrahlung are also traced. The 
results are more sensitive to the field strength than 
to the energy of the primary electrons and show agree¬ 
ment with the observed spectra for surface fields of 
order 10^ 2 Gauss. 

*Submitted by D.J. Thompson 

DI 8 Observations of y-Ray Bursts with HEAQ-1 . 

G.H. SHARE, D.J. YENTIS, W.D. EVANS, K. WOOD, and 
J. MEEKINS, NRL- -The large area sky survey instrument on 
HEAO-1 detected 12 y-ray bursts between Aug 1977 and Jan 
1979. The weakest burst had an intensity of ~2.5x10'° 
erg cm -2 (>150 keV). Eight of the bursts were previously 
detected by more than one satellite. Our observations 
provide the first confirmation of the 12 Nov 1977 event 
detected by Meteor (Mazets et al. 1978) and the 30 Sep, 

6 Oct, and 25 Oct 1978 events detected by the Konus ex¬ 
periment on Venera 11 and 12 (Mazets et al. 1979)* We 
also report the detection of six candidate y-ray bursts 
which occurred between Oct 1977 and Jan 1978; these were 
discovered during a search of the LASS data. From these 
results we estimate the following frequencies for the 
occurrence of y-ray bursts: 125±50 yr'1, S£3xl0“° erg 
cm' 2 ; and 50±20 yr _1 , S£l0~5 erg cm' 2 . This is consist¬ 
ent with a galactic distribution of y-ray burst sources. 

DI 9 High-Precision Garnna Ray Transient Source 
Locations. T. L. CLINE, U. DESAI, R. MUSH0TZKY and 
B. TEEGARDEN, NASA/GSFC; W. D. EVANS, R. KLEBESADEL 
and J. LAR0S, LASL; K. HURLEY, M. NIEL and G. VEDRENNE, 
CERS (TOULOUSETrT. V. ESTULINE, A. KUZNETSOV and 
V. ZENCHENKO, ISR, (MOSCOW)--Refinements in the analyses 
of gamma ray burst and transient observations with the 
interplanetary gamma ray burst sensor network have pro¬ 
duced a considerably smaller error box for the anomalous 
1979 March 5 transient 1 previously identified with the 
N49 supernova remnant in the LMC 2 . Consequences of its 
precise location within the N49 remnant will be dis¬ 
cussed. Refined source positions for several Vela- 
type gamma ray bursts will also be presented and prog¬ 
ress in defining their source objects will be discussed. 

1 J. L. Cline, U. D. Desai, G. Pizzichini, B. J. 

Teegarden, W. D. Evans, R. W. Klebesadel, J. G. Laros, 

K. Hurley, M. Niel, G. Vedrenne, I. V. Estuline, A. V. 
Kuznetsov, V. M. Zenchenko, D. Hovestadt and G. 

Gloeckler, to be published in Ap. J. (Letters). 

2 W. D. Evans, R. W. Klebesadel, J. G. Laros, T. L. Cline, 
U, D. Desai, G. Pizzichini, B. J. Teegarden, K. Hurley, 

M. Niel, G. Vedrenne, I. V. Estouline, A. V. Kuznetsov, 
and V. M. Zenchenko, to be published in Ap. J. (Letters). 

DI 10 Evidence for Lines in the Gamma-Ray Burst of 
19 November 1978 . B. J. TEEGARDEN and T. L. CLINE, 
NASA/GSFC--Results are presented from the Goddard 
Gamma-Ray Burst Spectrometer for the gamma-ray burst of 
19 November 1978. These represent the first high 
resolution measurements of a gamma-ray burst spectrum 
carried out by a Germanium detector in space. Evidence 
for two lines is presented. The first is a broad 
feature at 400-450 keV which is statistically marginal 
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in our data. This feature is, however, independently 
seen on two different Soviet spacecraft 1 (Mazets et al., 
1979). The second is a narrower feature at 740 keV. 

No strong nuclear lines at these energies are known. 

The hypothesis that these lines could be redshifted 
from the 511 keV position line and the 847 keV iron 
line is explored. 

l E, P. Mazets et,al_., A Catalog of Cosmic Ray Bursts , 
preprint (1979T. 

DI 11 Can Asteroid-Neutron Star Collisions Produce Cos- 
mic Gamma Ray Bursts ? MICHAEL J. NEWMAN AND ARTHUR No 
COX, Theoretical Division, LASL .—One dimensional hydro¬ 
dynamic calculations with radiation diffusion have been 
made to investigate the consequences of direct collisions 
of asteroids (M ^ 10l7 g, R ^ 1 km) with a neutron star 
(M » 1 Mq, R « 10 km). Free-fall velocities in excess 
of 1010 cm/seco can be achieved before impact. The effi¬ 
ciency of conversion of kinetic energy to thermal energy 
is large for sufficient overburden of asteroid material; 
high temperatures (> 50 kev) can be achieved in the 
vicinity of the contact surface, as well as in the ap¬ 
proaching material due to compressional heating. Very 
large luminosities 10^3 ergs/sec.) can be sustained 
for short periods of time 1 ysec.). Bursts of observed 
time duration 0.1 sec.) can result from a succession 
of events produced by fragments of a single asteroid, or 
from a continuous heavily stretched system, arriving over 
a time span determined by tidal disruption patterns 
(Colgate, private communication). Very short rise times 
can result. Persistent periodicity as observed for the 
5 March 1979 gamma ray burst may be due to leakage from 
close orbit of remnant material from an initial event 
which deposits the bulk of the material onto the two 
opposed magnetic poles of an oblique rotator. 

DI 12 POSSIBLE EVIDENCE 

jFOR A MASSIVE''IQ 8 M ft KERR BLACK HOLE IN THE ACTIVE NUCLEUS 
O F SEYFERT GALAXY NGC 4151 . Dr. Darryl Leiter, Code 660 
NASA/GSFC, Greenbelt, Maryland 20771. 

Applying a new Kerr black hole 7-ray burst mechanism, 
the Penrose Photoproduction Scenario (PPS) Reiter,Kafatos, 
.1979, to Seyfert galaxies, we find that Penrose Compton 
Scattering (PCS) will be dominant Leiter, 1980 , emitting 
7-ray "bursts" in the energy range of (300KeV <E< 3 MeV) 
with a characteristic universal cutoff at~3 MeV. These 
7-ray "bursts" are emitted in intervals of^(2 Mg) hours, 
where M = Mg x 10 B M Q is the mass of the associated cen¬ 
tral Kerr black hole, assumed to exist in the Seyfert Nu¬ 
cleus. Application of this model to recent balloon obs¬ 
ervations of NGC 4151 ( Della Ventura, et. al. 1979, 
Perotti, et. al. 1979) yields a consistent interpreta¬ 
tion with MgX3, (i.e.M>,3x 10® Mq ) for the central Kerr 
black hole, assumed to be the power source for the~MeV 
7-ray bursts seen from NGC 4151( Leiter, 1980,Astr .,Ap., 
Leiter, D., Kafatos, M., (1979), contrib. to Proc. La 
Jolla Inst.(Workshop on Particle Acell. Mech. in Astro- 
phys.), A.I.P. 

. Della Ventura, et. al (1979), 16th, Int. Cos Ray 
Conf., Kyoto, Japan, pg. 113;Perotti, et. al. (1980), 

Astr. , Ap. 

DI 13 Monte Carlo Simulation of Atmospheric Gamma- 
Ray Production . D.J. MORRIS,^" NASA/GSFC .—Results are 
presented from the Monte Carlo simulation of gamma ray 
production due to the interaction of cosmic rays with 
the atmosphere. The Monte Carlo program is a revision 
of that used by ThompsonL. The earlier version agreed 
with balloon measurements of downward moving gamma rays, 
but predicted an earth albedo much higher than that 
observed by SAS-II. The primary improvements are 
1) the use of inclusive cross sections to simulate 
inelastic high energy nucleon-nucleus interactions, 
and 2) improved simulation of the effects of the geo¬ 
magnetic cutoff, including variations with zenith and 
azimuth. 

^Thompson, D.J., 1974, J. Geophys. Res., 79., 1309. 

Also, U. of MD, Dept, of Physics and Astronomy, 

College Park, 1© 20742 


DI 14 Einstein X-ray Observations of COS-B Gamma Ray 
Source Regions . R.C. HARTMAN,* D.J. THOMPSON, NASA/ 
GSFC, R.C. LAMB.* Iowa St. Univ ., T.H. MARKERT, MIT , 
and G.F. BIGNAMI, LFCTR, Milan —A series of observa¬ 
tions have been initiated using the Einstein X-ray 
telescope to search for X-ray emission within the 
vicinity of the COS-B y-ray sources CG106+1 and 
CG295-K). One of the first of these observations showed, 
in addition to the previously known 292 s X-ray pulsar 
2S1145-619, another X ray pulsar about 15 arcmin away, 
with a period of ^298 s. This observation confirms 
and apparently explains the Ariel V report* of two 
periodicities from the region of 2S1145-619. In addi¬ 
tion to the two point sources, the field of view con¬ 
tains a previously unknown diffuse feature which con¬ 
sists of an arc of a circle VI/2° in diameter. It 
has no known radio or optical counterpart. The arc 
has a knotty appearance and may split into two fila¬ 
ments over about a third of its length. 

* 

HEAO-2 Guest Investigators 

White, N.E., et al., Nature , 274, 664. 


DI15 X-Ray Emission from Supernova Remnants 
near y-Ray Sources.* T.H. MARKERT, M.I.T. and 
R.C. LAMB, Iowa State Univ. --We report the resul 
of a search for X-ray emission from eight radio 
supernova remnants which are close enough to thr 
unidentified COS B y-ray sources at galactic Ion 
tudes 312°, 327°, and 333° that there may be a 
physical relationship. The observations were co 
ducted with the imaging X-ray telescope of the 
Einstein Observatory. We observe emission from 
three of the remnants, two near CG372-0 and one 
near CG333+0. The 1-3 keV fluxes in units of 
ergs/cm 2 -s for the remnants are ~1CT 12 for G327. 
1.1, ~8 x 10- 12 for G327.4 + 0.4 and ~1CT 10 for 
G332.4 - 0.4 (RCW103). The X-ray emission from 
G327.4 + 0.4 is unusual in that it is centrally 
peaked in contrast to its radio emission which h; 
a more shell-like appearance. For G332.4 + 0.4 
(RCW103) there is a recently reported 1 compact 
X-ray source at its center. 

J Tuohy, Ian and Garmire, Gordon, preprint, 

* Supported in part by NASA Contract NAS8-33334. 


I SESSION DJ: SOLID STATE PHYSICS 
Tuesday morning, 29 April 1980 

Richmond Room, Sheraton Washington Hotel at 9:00 A.M. 

J.C. Eisenstein, presiding 

DJ 1 Resonant Nuclear Reaction Measurements of Oxide 
Thicknesses in Si and in GaAs. T. T. BARDIN, T. K. 
MCNAB, and K. M. MONAHAN, Lockheed Palo Alto Research 
Laboratory .--The nuclear resonance reaction, 
ib 0 + a -* 20 Ne*(7.17 MeV,3~) + 16 0 + a, was employed to 
measure the oxide surface density. Alpha particles with 
energy 3.045 MeV were channeled along the <100> direc¬ 
tion of (100) silicon wafers. Silicon oxide thicknesses 
were derived using the energy spectrum of the backscat- 
tered a-particles. These data will be compared with 
ellipsometry measurements. Oxide surface densities on 
gallium arsenide wafers of (100) orientation were also 
measured. In addition, kinematic separation of the 
gallium and arsenic peaks in the surface oxide layer 
allowed its stoicheometry to be determined. 

DJ 2 Surface Reaction Of Deposited Au Film With Si(100) 

Substrate Studied By MeV-He* Ion Scattering . W.M. 

GIBSON, K. KINOSHITA, and T. NARUSAWA, State University 
of New York at Albany —The Au/Si(l00) system was 
studied by MeV-He + ion backscattering/channeling techn¬ 
ique, which gives us quantitative information about the 
chemical composition and the displacements of lattice 
atoms within a few monolayers. The surface peak inten¬ 
sity of Si showed a step-wise variation during the 
course of Au film deposition up to about 30 monolayers 
and subsequent annealing up to 1100°C. The features 


528 


































are interpreted in relation with the displacement of Si 
surface atoms. There is indication of formation of 
"gold silicide films" of compositions Au(q „ 5 -l)Sil + , 

AuSi and Au^Si^. 

DJ 3 

Oxygen Adsorption On Si(lOO) Surface Studied By 
MeV-He* Ion Scattering^ T. NARUSAWA, W.M. GIBSON and 
K. Kinoshita, State University of Hew York at Albany— 

The surface peak intensities of Si in aligned MeV-He + 
ion hackscattering spectra were measured during oxygen 
adsorption on Si(lOO) surface to study the structural 
changes of Si surfaces. In combination with in—situ 
AES and MEED observation, the ion scattering data, 
especially the incident He + ion energy dependence of 
the surface peak intensity gives information about the 
effect of adsorbed oxygen on the structure of the Si 
lattice at the interface. Of particular interest is 
the extent of relaxation of the highly strained 
reconstructed 2x1 clean surface. Measurements of the 
Si surface peak for incidence in non-normal channeling 
direction indicate the extent of relaxation normal to 
the surface. Such measurements will.be compared to 
model calculations using Monte Carlo simulation 
techniques. 

^ 4 Structure Study Of Clean And H-Saturated Si(lOO) 

Surface By MeV Ion Scattering . K. KINOSHITA, T.. 

NARUSAWA and W.M. GIBSON, State University of New York 
at Albany and L.C. FELDMAN, Bell Laboratories— The 
displacement sensitive He + ion scattering technique 
(.5-2. MeV) was applied to a structure study of the 
reconstructed Si(OOl) 2x1 clean surface and the lxl H- 
saturated surface. Measured surface peak intensities 
(S.P.) for the <001> and <111> directions are compared 
to the results of computer simulations which assume 
either a bulk-like structure or a particular surface 
model. Results for the <001> direction are in good 
agreement with Ref. 1 and show a large decrease of the 
S.P. with hydrogen adsorption. This indicates a signi¬ 
ficant ordering of the Si atoms in the plane of the 
surface with coverage ■> New results for the <111> 
direction show only a small decrease (<.1 atoms/row) 
with coverage indicating significant relaxation in the 
perpendicular direction even in the (lxl) structure. 

1. L.C. Feldman, P.J. Silverman, I. Stersgaaw (to be 
published in Nuc. Inst. & Meth). 

DJ 5 

Surface Excitations of Degenerate, Polar Semiconduc¬ 

tors .* J.J. QUINN, Brown University, and S. DAS SARMA, 
University of Southern California. -- Within hydro- 
dynamic model, a general scheme is developed to obtain 
the dispersion relations of coupled plasmon - optical 
phonon modes localized near a degenerate, polar semicon¬ 
ductor surface. The theory is applied to an abrupt one- 
step surface and also to a two-step non-abrupt surface. 
For the one-step model, the well-known semi-classical 
results for coupled surface plasmon-optical phonon modes 
are recovered. For the two-step model, it is shown that 
the surface optical phonon can couple either to the 
regular surface plasmon or to the higher multi pole modes, 
depending on the relative magnitudes of the various 
frequencies involved. Possible observability of coupled 
surface optical phonon-higher multi pole modes in highly 
doped compound semiconductors is critically discussed. 

* Supported in part by the NSF and by the Materials 
Research Program at Brown University funded through 
the NSF. 

DJ 6 Surface Plasmons and the Extreme Anomalous Skin 
Effect . W. H. MCNEILL and D. L. JOHNSON*, GTE Labora¬ 
tories Inc .—A simple formula has been obtained for the 
dispersion relation of surface plasmons on metals in the 
external anomalous skin effect region. This has been 
accomplished by using an effective dielectric function, 
expressed in terms of the surface impedance of Reuter 
and Sondheimer'D i n the usual dispersion relation for 


surface plasmons. Comparison of this non-local theory 
with the usual local dielectric theory is then made for 
Cu, Ag, Au, Sn and Pb. The non-local theory predicts 
propagation lengths more than two orders of magnitude 
smaller than the local theory, depending on the tempera¬ 
ture. At room temperature none of the metals were found 
to be in the anomalous skin effect region at any fre¬ 
quency. 

Submitted by W. H. McNeill 

* Presently at Schlumberger-Doll Research Laboratories 
(1) G. E. H. Reuter and E. H. Sondheimer Proc. Roy. 

Soc. (London) A 195 336 (1948) 


Heat Pulse Transmissi; n Across a Sodium Fluoride — 
Helium I Boundary . N. E. Hager III and J. H. Constable,* 
SUNY-Binghamton .—We have observed the transmission of 
fast heat pulses from NaF into liquid helium I at an am¬ 
bient temperature of 3.5 K. Separate pulses are resolved 
at the detector as a result of the differing longitudinal 
and transverse phonon propagation velocities in the 
sodium fluoride. A variation in relative amplitudes of 
these pulses with input power has been measured. The 
amplitude of the pulse resulting from the transverse mode 
in the crystal increases approximately linearly with in¬ 
put power, while the pulse resulting from the longitudi¬ 
nal mode increases less rapidly with power. An initial 
overshoot at the leading edge of the longitudinal pulse 
has also been noted. Measurements have been made in 
which two successive pulses are applied to the crystal. 

The first longitudinal pulse arriving at the detector 
appears with the overshoot, while the second does not, 
for pulse separations of the order of 10 ys or less. 

*Work supported in part by grants from the Research 
Corporation and the NSF. 

DJ 8 Cancellation and the Final Node in the 

Have Function of the 5 Valence Electron . 

M. KATAPOFF, N.J, Inst, of Tech. —Examination 
of the pseudopotential in real space acting on 
a single S electron in the field of the ion in 
a solid ; shows that the pseudopotential becomes 
zero and changes sign at a distance from the 
nucleus close to where the final node in the 
wave function of the S valence electron in the 
atom occurs. The radial distance to this node 
is a parameter which correlates well in metals 
with; the interelectron spacing and the radius 
of an atom in the solid, the temperature of 
jellium, and the value of the wave number at 
which the pseudopotential form factor becomes 
zero 1 . There are definite trends in the re¬ 
lationship between this parameter and the radii 
of Bloch and Simons? for the elements in the 
Periodic Table with some exceptions, 

1, M. Natapoff, J. Phys. Chem. Solids 39,1119, 
(1978). 

2. A, Bloch,G. Simons, J, Am. Chem, Soc. 94, 
8611, (1972) 

DJ 9 Superconductivity of Some Laves Phases of 
Technetium.- E. G. SZKLARZ, G. R. STEWART, and A.L. 
GIORGI, Los Alamos Scientific Laboratory.** — 

Hexagonal Laves phases (C-14 type) of technetium were 
prepared with Sc, Y and Lu and examined for superconduc¬ 
tivity. All of the phases were superconducting with 
transition temperatures (T c ) of 10.5 K, 8.8 K and 9.9 K 
respectively. These values are considerably higher than 
the values for the corresponding Re-compounds. The 
specific heat of these samples was also measured and the 
various parameters (y, Op and N(0)) determined. These 
data as well as a discussion of reasons for the great 
enhancement of T c for the Tc-compounds relative to the 
iso-structural Re-compounds will be presented. 

JL 

Submitted by J. D. Thompson 

/*w> 

Work completed under the auspices of the Department 

of Energy . 


529 
























DJ 10 Recovery Studies of Indium and Lead Alloys After 
Electron Irradiations. * Y. N. Lwin, Western II. Univ. 
and E. A. Ryan, Argonne Nat’l, Lab. —As part of the in¬ 
vestigation of electron irradiation effects in lead and 
indium a few alloys were studied. We have chosen dilute 
alloys of indium with silver, indium with lead and tin 
and lead with copper. It is known from diffusion stu¬ 
dies^ - that Van der Waal’s forces between ion cores for 
the alloys of InAg and PbCu favor interstitial solute 
atom positions. The effects upon defects invected by 
electron irradiation were studied 0 The recovery spectra 
for InAg is significantly different from that of In + 

PbSn. The results for Pb + Cu are not as convincing 
perhaps because of limited solubility and precipitation. 

1 

T. R. Anthony and D. Turnbull, Phys. Rev. 151,2, 495 
(1966). 


*Work supported by the U. S. Department of Energy. 

DJ 11 Surface Grain Growth and Oxidation in Ion Implant ¬ 
ed Titanium .*—J. MICHAEL CATHCART, KEITH 0. LEGG, AND 
JAMES R. STEVENSON, School of Physics , Georgia Institute 
of Technology .—The effects of implanted erbium and cal¬ 
cium on grain growth and oxidation in polycrystalline 
titanium have been studied using AES, ion backscattering, 
optical reflectivity and standard metallurgical micro¬ 
scopy. Implant diffusion, grain growth during annealing, 
and oxidation kinetics have been examined. Erbium was 
found to segregate to the surface and diffuse rapidly 
across it to prevent surface grain growth both within and 
around the implanted region. From this data, surface and 
bulk diffusion rates could be estimated. 

*Supported by Air Force Office of Scientific Research 
Grant No. 79-0011. 

DJ 12 Investigation of Ferroelectric Barium 
Titanate near T r by Recoil!ess Rayleigh Scat- 

terinq* MARK ANDERSEN and J. C. WALKER, Johns 

Hopkins Univ .--The lattice softening of barium 
titanate near the paraelectric-ferroelectric 
phase transition is investigated by examining 
recoil less Rayleigh scattering. The 14.4 keV 
gamma ray from the^Mdssbauer isotope 57 Fe is 
used as a precise probe, with a resolution of 
about 1 in 10^. The scattering is nonresonant 
(there is no 57 Fe in the crystals), so a re¬ 
sonance counter is used to detect the scattered 
radiation. 1 Results indicating a decreased 
Debye-Waller factor near T c will be shown. 

^Supported by NSF DMR77-07127. 

1. J. C. Mullen and J. Stevenson, Nucl. Instr. 

& Meth. 1_53, 77 (1978); M. Andersen and J. 

C. Walker, Nucl. Instr. & Meth. (to be 
published). 


JJJ ±0 

Scattering of 0.627 um Light from 
Spheroidal 2 urn and Cubical 4 urn NaCl Particles . 

G.D.WARD and I.KIRMACI. University of Florida .* 

—A digital polar nephalometer has been con¬ 
structed to measure the intensity and polariza¬ 
tion of light pulses scattered at 94 angles from 
9° to 176° from monodisperse aerosol particles 
of controlled shape. The dye laser gave 20 kW, 

4 ns pulses at 0,627 um. Data from polystyrene 
latex spheres agrees with Mie theory within 
about 10%, Data for spheroidal and quasi- 
cubical particles are shown. It is found that 
the backscatter from non-spherical particles of 
size parameter *10 differs significantly from 
that for the best fit sphere, so that a tumbled 
irregular particle is not equivalent to a sphere 
♦Supported by US AR0 Grant DAHC04-75-G-0100. 

DJ 14 Inter-Ion Potential in Crystallized Suspen¬ 
sions of Macroions . R. HASTINGS, North Dakota State 
IJ. *—Measurements of the Debye-Waller factor for 
crystallized suspensions of .109 ym diameter latex 


polystyrene spheres will be presented. The crystals 
form spontaneously when a purified aqueous solution 
of the negatively charged macroions and protonic 
counterions stands for several days in a vibration 
free environment. Crystallites were examined which 
had lattice constants ranging from two to seven 
macroion diameters (2xl0 3 -7xl0 3 X). For each sample 
the temperature dependence of the laser Bragg scat¬ 
tering intensity was measured, and the appropriate 
elastic constant was extracted. The results are com¬ 
pared with measurements of Young’s modulus, 1 and with 
theoretical predictions based upon various models for 
the inter-macroion effective potential. 

^Supported by Research Corporation Grant #8879. 

l R. Crandall and R. Williams, Science 198, 293 (1977). 


I SESSION DK: FLUIDS AND PLASMAS 
Tuesday morning, 29 April 1980 

Executive Room, Shoreham-Americana Hotel at 9:00 A.M. 

C.K. Chu, presiding 

DK 1 Strong Shock Wave Propagation in a Mixture of a 
Gas and Dusty Particles with Gravitational Forces .* Z.C. 
FAN, S. MENON, and S.I. PAI, University of Maryland .,— 
When a dusty comet collides with a planet, strong shock 
waves are produced in the dusty gas of the comet. In this 
case, the gravitational force plays an important role. 

In our two previous papers, we study the strong shock 
wave propagation without gravitational force. In this 
paper the effects of gravitational force on the strong 
shock wave propagation in a mixture of a gas and dusty 
particles are studied. For the present case, self-simi¬ 
lar solution does not exist even for constant initial 
density distribution. Small perturbation theory based 
on self-similar solution without gravitational force has 
been used to study the effects of the gravitational 
force. Numerical solutions for the effect gravitati¬ 
onal. Even though kp is still the dominant parameter, 
the effects of y also have great influence. For in¬ 
stance, for small y , the density convections are al¬ 
most sinusoidal with zero correction at collisions while 
for large y , the decrease in density near the center is 
enormous. 

*Supprted in part by NASA Grants NSG-7365 and NSG-398 

DK 2 Strong Shock Wave Propagation in a Mixture of 
a Gas and Dusty Particles with Variable Initial Density .* 

S. MENON, Z.C. FAN, and S.I. PAI, University of Maryland . 
—In ordinary gasdynamics, similar solutions exist for 
strong-shock wave propagation with power law of initial 
density distribution. However, for similar case in two- 
phase flow of a mixture of a gas and small solid part¬ 
icles, self-similarity solution does not exist. In this 
paper we use the perturbation theory to discuss the ef¬ 
fect of strong shock propagation in a power-law initial 
density distribution from the self-s dmilarity solution 
of a previous paper. The results also depend on the 
ratio of specific heats of the gas, y , mass concen¬ 
tration of the solid particles kp and the ratio of 
the initial density of the gas to that of the solid 
particles G . Numerical solutions are presented. The 
dominant parameters are kp and G. It is interesting to 
note that the correction of density is a constant in the 
region behind the shock at a given time. 

*Supported in part by NASA grant NSG-7365 and NSG-398 

DK 3 Similarity Solutions of h Strong Shock Wave Pro¬ 
pagation in a Mixture of a Gas and Dusty Particles .* S.I. 
PAI, S. MENON, and Z.C. FAN, University of Maryland.— 
Sedov’s exact solution of the self-similar problem of 
strong explosion in a perfect gas has been extended to 
the case of a mixture of a gas and solid particles. Si¬ 
milar solution in the present case can be obtained only 
in the case of constant initial density. When the ini¬ 
tial volume fraction of the dusty particles is small, 
closed form solutions may be obtained. In general, the 
solutions depend on the ratio of specific heats of the 
gas y, the mass concentration of the solid particles in 
the mixture kp and the ratio of the initial density of 
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the gas to that of the solid G. Numerical solutions 
have been obtained and presented. The dominant parameter 
is kp. As kp increases, thd pressure, the density, and 
the velocity behind the shock all increase. The rate of 
these increases would be affected by the values of y 
and G. 

*Supported in part by NASA Grant NSG 7365 and NSG 398 
DK 4 

Time-Dependent Flow in Rayleigh-Benard Convection . 

C. Agosta, J. Jan, J. Shaumeyer, and R.P. Behringer, 
Wesleyan University . We present results for the time- 
dependent heat transport in a convecting fluid layer. 

The container for the layer was of cylindrical geometry 
with an aspect ratio of 7.87 (aspect ratio = container 
radius/container height). The apparatus and method used 
for obtaining these data was similar to that used by 
Ahlers and Behringer. 1 

Results were obtained for Prandtl numbers between 
about 0.5 and 1.0 and for Rayleigh numbers up to 10R C . 
Between R Q and 1.3R C steady-state convection was 
obtained. Above 1.3R C there was small amplitude time 
dependence characterized by broadband spectra and f“ 4 
fall-o ff at high frequencies. 

1 G. Ahlers and R.P. Behringer, Phys. Rev. Lett.40, 712 
(1978). 

DK 5 Linear Growth Rates for the Rayleigh-Benard 

Instability in Cylindrical Geometry e J.N. SHAUMEYER, 

R.P. BEHRINGER, and R. BAIERLEIN, Wesleyan University . 

The growth rate is important not only in describing 
the onset of convection, but also in the relaxation to 
time-independent nonlinear motion of the fluid. We 
report theoretical growth rates for axisymmetric 
rolls as a function of Prandtl number and aspect ratio 
y ( = container radius/container height). Our method 
extends the variational principle of Charlson and 
Sani.1 

Values of the growth rates, in the range 
0.75 Y 16.0, were obtained for axisymmetric modes 
associated with the two smallest Rayleigh numbers. 

Both insulating and conducting walls were considered. 

Our results compare well with experimental work 
reported by Behringer and Ahlers. 2 

^G.S. Charlson and R.L. Sani, Int. J. Heat Mass Trans¬ 
fer 13, 1479 (1970). 

2 

R.P. Behringer and G. Ahlers, Phys. Letters 62A , 

329 (1977). 

DK 6 Flow of Newtonian Fluids over Spillways.* 

B. STEVENSON, NJIT .--A straight forward method of 
calculating the rate of flow of a newtonian fluid 
over spillways is developed. Rather than beginning 
with the Torricelli Theorem, as is usually done, 
the more basic Bernoulli Equation coupled with a 
variation of the Principle of Least Action is 
employed. Flow rates predicted by the new scheme 
are significantly more in agreement with experi¬ 
ment than those predicted by usual techniques for 
spillways of various geometries. The technique, 
however, predicts fluid velocity profiles that are 
at odds with what is usually assumed. 

♦Submitted by W.J. Neidhardt 

DK 7 Basic Processes in Laser Plasmas ,* K. J. NYGAARD, 
H. L. BROOKS, and R. A. Sierra, Department of Physics, 
University of Missouri-Rolla, Rolla, M0 65401, USA—We 
have studied effective cross sections and reaction rates 
for electron dissociative attachment in CCI 4 and HgBr 2 
in dilute solutions with N 2 or noble gases. The method 
is based on the evolution of an electron swarm drifting 
in an electric field where the number of negative ions 
formed is counted. Results will also be presented on 
Townsend's first ionization coefficient and electron 
drift velocities. 

♦Supported in part by The Office of Naval Research. 


DK 8 Logarithmic Terms in the Softness Expansion of 
Dilute Gas Transport Properties* , R. F. KAYSER, National 
Bureau of Standards, Washington, D. C.- -The dilute gas 
coefficients of viscosity and thermal conductivity for 
the inverse power potential, cp(r) = <|> 0 (a/r) n , are shown 
to be of the form a e +aiX + a 2 x 2 lnx + a 3 x 2 + a 4 x 3 ln 2 x 
+ a 5 x 3 lnx + a 6 x 3 +..., where x=l/n. The expressions are 
valid for x-K)+, the coefficients a 0 to a 4 are determined 
in closed form and the analysis may be easily adapted 
to other properties such as the self-diffusion co¬ 
efficient. It is also shown that the logarithmic terms 
are due to those binary collisions for which the distance 
of closest approach of the particles is greater than the 
diameter a. The implications of this for developing a 
general perturbation theory for transport properties are 
discussed. 

♦Submitted by R. D. Mountain 

DK 9 Energy Confinement Comparison of Ohmically 
Heated Stellarators to Tokamaks .* T. K. Chu, Princeton 
University .—An empirical scaling prescribes that the 
energy confinement time in ohmically heated stellarators 
and tokamaks is proportional to the internal energy of 
the plasma and the minor radius, and inversely propor¬ 
tional to the current density. A thermal-conduction 
energy transport model, based on a heuristic assumption 
that the effective momentum transfer in the radial 
direction is proportional to the classical parallel 
momentum transfer which results in ohmic heating, is 
used to explain this scaling. 

Work supported by US DoE Contract No. EY-76-C-02-3073. 

DK 10 Momentum Transport in a Dense Hard-Sphere Gas.* 

C. C. WATSON and P. K. HAFF, Caltech and Yale Univ. T—We 
propose a simple model for the radial distribution of 
scattering centers in a spatially uniform but random ar¬ 
ray of identical elastic hard spheres. The distribution 
of impact parameters is derived for the first collision 
of a constituent particle initially set in motion with 
momentum of magnitude p, as a function of the density of 
the system, p. For p <0.17 P Q , where P 0 is the maximum 
possible density, shielding effects due to the position 
correlations of nearest neighbors are negligible. When 
P > 0.17 p 0 however, collisions at large impact para¬ 
meters are restricted. For p near p Q only momentum 
transfers, q, in the range 0.83 p & q < P are probable, 
but within this range all q are equally likely. Conse¬ 
quently, at high density a momentum pulse may be propa¬ 
gated through a chain of collisions with inhibited dissi¬ 
pation. For instance, 26 collisions are required to re¬ 
duce the average momentum in such a pulse to 1/10 of its 
initial value. The characteristics of these collision 
chains will be discussed. 

*Supported by NSF [PHY76-83685], DOE [EY-76-C-02-3074]. 
tPermanent address. 

DK 11 Instability of Positive Column in Aligned Uni ¬ 
form Magnetic Field. M. S. UBEROI and C.Y. CHOW, U. of 
Colorado --Analysis is carried out for instability of 
plasma in positive column by assuming small perturba¬ 
tions in electron density and electric potential which 
are consistent with equations of motion. Plasma sheath 
at the wall is neglected. Previously the two perturba¬ 
tions were assumed to be the same and analysis was car¬ 
ried out for a single m = 1 spiral mode". The axisym¬ 
metric mode is stable while spiral modes are unstable at 
certain critical magnetic fields. 

B. B. Kadomstev and A. V. Nedospasov, J. of Nucl. 

Energy C, p. 230, 1960 

DK 12 Effective Elec t ron-Neutral Particle Collision 
Cross Sections of Low Dens ity Parti al ly Ionized Noble 
Gases . R. L. W. CHEN, Emory U .—The effective col¬ 
lision cross sections in partially ionized noble gases 
are minimized to within a narrow range—about a 
factor of 3—according to a previous calculation.-*- The 
calculation did not take into account the effect of 
radiation transfer on the fractional ionization at 
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low density n. Recalculation incorporating this 
effect shows the main conclusion remains valid 
although some detailed results are affected. The 
result is favorable to the use of the approximate 
rules for computing the electrical conductivity. 

1 R. L. W. Chen, Phys. Lett. 71A (1979) 215. 

DK 13 Modeling Lake Level Fluctuations of Non-Linear 
Wetlands System .* B. PAREKH, N.D. State Univ .--A physTcs- 
based approach is adopted to model the hydrologic inter¬ 
actions of a semi-arid, closed, flat, depressiona! (wet¬ 
lands) drainage basin of 4000 square miles in northeastern 
North Dakota. A continuous simulation analysis is carried 
out over 30 years of historic record period. This is 
permitting an understanding of the underlying physical 
mechanisms of the watershed that yield the observed non¬ 
linear behavior in the fluctuations of lake elevations. 
From this analysis the hydrologic effects of increased 
agricultural activities on wetlands can be assessed 
quantitatively. It also permits an evaluation of the 
impacts of alternative flood control measures on the lake 
levels. The scatter of thousands of "prairie potholes" 
and shallow lakes makes it difficult to formulate a 
detailed land surface geometry. However, remote-sensed 
imagery provides a scheme to calculate wetland size 
distribution functions. This lends a possible basis to 
adopt statistical mechanics approach to analyze wetlands 
interactions. 

^Supported by U.S. Dept, of Interior and N.D. State 
Water Commission. 


DK 14 Waves and Oscillations in Plasmas of Magnetic¬ 
ally Charged Particles N.V.V.J. SWAMY and WELDON J. 
WILSON, Oklahoma State U .—Using both the hydro- 
dynamic and kinetic theory approaches, some basic 
linearized plasma wave results are extended to include 
the case where the plasma particles may carry magnetic 
as well as electric charge. For a cold, uniform plasma 
of dually charged particles the number of modes is 
double that of the standard plasma of purely electric 
charges. The Maxwe11-Boltzmann theory yields essen¬ 
tially the same results as the previously reported hydro- 
dynamic treatment. 1 Modified dispersion relations for 
plane longitudinal and transverse waves are derived. 

For the transverse mode slow and fast traveling waves 
are present. A comparison is made with the standard 
plasma results and some implications are discussed. 

*W. Wilson and N.V.V.J. Swamy, Phys. Lett. A 72, 188 
(1979). ~ 


( SESSION DL: FLOW PHENOMENA IN SUPERFLUIDS 
Tuesday morning, 29 April 1980 

Alexandria Room, Sheraton Washington Hotel at 9:00 A.M. 

I. Rudnik, presiding 

DL 1 Third Sound Velocity and Onset on Grafoil, 

J*A« ROTH, G.J. JELATIS/ and J.D. Maynard. Penn 
State U. —Third sound velocity and onset measurements 
have been made for 4 He adsorbed on Grafoil foam. The 
third sound velocity has a dependence on film thick¬ 
ness and temperature similar to that of third sound 
on glass substrates, with some distinguising features: 
e.g., there may be evidence of stepwise layer completion. 
The film vapor pressure at onset has to some degree the 
universal temperature dependence found for other sub¬ 
strates. The superfluid areal density divided by the 
onset temperature agrees with the universal constant 
predicted by the Kosterlitz-Thouless-Nelson theory 1 
to within 11%. This is the first clear verification 
of the theory for a graphite substrate. 


*A. P. Sloan Research Fellow 

1 j. M. Kosterlitz and D. J. Thouless, J. Phy. C6, 1181 
(1973); D. R. Nelson and J. M. Kosterlitz, Phys. Rev. 
Lett. 39, 1201 (1977). 


DL 2 Superfluid Flow in Grafoil* , J. Maps and R.B. 
Hallock, Univ,, of Mass e , Amherst - We report preliminary 
results from an experiment designed to examine the onset 
of superflow in unsaturated ^He films adsorbed on sur¬ 
faces of partial connectivity. A Grafoil sample h cm 
long x 1 cm wide is cut so as to provide a weak (relative¬ 
ly) link at its center. Heat applied to one end causes 
a flow of helium along the Grafoil to the heater. The 
thermal gradient across the weak link provides a measure 
of the degree to which the link is connected and super- 
flow can take place. Preliminary results will be 
reported as a function of the heater power and the film 
thickness (measured on a separate glass substrate by 
both third sound and pressure techniques). 


^Supported by the National Science Foundation through 
DMR 79-09248. 


DL 3 Superfluid Mass in Thick Filins of ^He . G. AGNO- 
LET, F.M. GASPARXFTT. and J.D. REPPY, Cornell U .*—We 
have utilized a torsional oscillator cell to p-^in^o the 
finite size effects and crossover from three dimensional 
to two dimensional behavior of the superfluid density 
in ^He films. Our substrate consists of a Mylar ribbon 
wrapped in an annular rggion with an average spacing 
between layers of 4000 A. The cell has a total surface 
area of 2 m^ and a dead volume of 0.5 cm^. The vapor 
pressure can be measured in situ with a strain gauge. 
Data with the cell completely filled with helium show 
characteristic three dimensional behavior far from the 
transition. The data also suggest a jump in the super¬ 
fluid mass with a corresponding increase in the dissi¬ 
pation of the oscillator within 200 UK of the transi¬ 
tion. The size of the jump is consistent with that pre¬ 
dicted by Kosterlitz-Thouless 1 *. Measurements of. 
unsaturated films are now in progress, 
t Permanent address: Physics Department, SUNY/Buffalo, 
Amherst, New York 14260. 

* Supported by NSP through Grant *DMR-77-24221 and 
through the Cornell Materials Science Canter, Grant 
#DMR—76—8108 3A02. 

l.J.H. Kosterlitz and D.J. Thouless, J. Phys. C6, 1181 
(1973). 


DL 4 Superfluid Transition in ^He Films Adsorbed on 
Exfoliated Graphites* . Y. TAKANO, and J.D. REPPY, Cor¬ 
nell U .*— We have studied the superfluid transition in 
^He adsorbed on Grafoil and ZYX graphite substrates using 
the torsional pendulum technique. At the transition a 
jump in the superfluid density and a peak in the dissipa¬ 
tion of the fluid are observed. These results are 
characteristic of a two-dimensional superfluid and simi¬ 
lar to those of Bishop and Reppy 1 with a Mylar foil as a 
substrate. Quantitatively, however, the size of the 
superfluid density jump is substantially decreased both 
from their result and from the theoretical prediction by 
Kosterlitz and Thouless^. A comparison between the Gra¬ 
foil and ZYX graphite indicates that the reduction is 
caused by the poor connectivity of 4 He films adsorbed on 
these substrates. 

+ Submitted by E.N. Smith. 

* Supported by the NSF through Grant //DMR-77-24221 and 
indirectly through the Cornell Materials Science Cen¬ 
ter through Grant //DMR-76-81083A02. 

1 D.J. Bishop and J.D. Reppy, Phys. Rev. Lett. 4(), 1727 
(1978). 

2 J.M. Kosterlitz and D.J. Thouless, J. Phys. C5^, L124 
(1972). 

DL 5 Sound Propagation in Porous Vycor Glass 
Partially Filled with He II .* D. HECKERMAN, W. 

SCHOONOVER, and G.A. WILLIAMSt, Physics Department, 

U. of California, Los Angeles --Sound propagation has 
been studied in porous Vycor glass partially filled 
with superfluid 4 He, at filling fractions greater than 
60% and temperatures above 1.2K. Capillary condensation 
dominates the observed behavior. The sound velocity 
decreases smoothly with increasing temperature in a 
fashion similar to previous torsion pendulum experi¬ 
ments 1 , but there is an abrupt loss of the sound 
signal while the velocity remains finite. It is sug- 
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gested that there may be two phase transitions occur¬ 
ring in this regime: a 3D transition in the capillary 
condensed droplets, and a lower temperature transition 
(2D?) in the thin film connecting the droplets. 

*Work supported by the NSF, Contract DMR 76-22306, and 
ONR, Contract N00014-75-C-0246 
fAlfred P. Sloan Research Fellow 
^.E. Berthold, D.J. Bishop, and J.D. Reppy, Phys. 

Rev. Lett. 39, 348 (1977). 

DL 6 Observations on the Flow of 3He A and 3fle B in 
a Narrow Rectangular Channel* A.J. Dahm, D.S. Betts, 

D.F. Brewer, J. Hutchins, J. Saunders, and W.S. Truscott, 
Sussex U., U.K. We report observations of superflow of 
^He A and B through a rectangular channel of cross- 
section of about 50 ym x 3mm and length 9mm. Superflow 
is driven by means of a flexible diaphram which generates 
currents between 5 x 10” 5 and 5 x 10”2 g/cm^ sec. Three 
different responses are observed: [i] saturation at high 
drives, with the current independent of drive, [ii] over¬ 
damping, where current increases with drive but not 
necessarily in proportion, and [iii] damped oscillations. 
However, in the A phase [i] has not been observed, and in 
the B phase [ii] has not. The A phase oscillations de¬ 
crease exponentially with time, with Q - 4 at 26 bar and 
T/T c = 0.93. b can sustain much higher current 

amplitudes, and has a well defined transition from Q - 5 
at high amplitudes to 2^ 50 at low. The B phase satura¬ 
tion current below the polycritical point can approxi¬ 
mately be fitted to [1 - T/T c ]3/2 like those of Eisenstein 
et al.l, but above it they are markedly different. 

* Supported by Science Research Council, U.K. and NSF. 
Ij.P. Eisenstein, E.W. Swift, and R.E. Packard, 

Phys. Rev. Lett. 43, 1676 (1979). 

DL 7 The Velocity Dependence of the Flow of Superfluid 
3He-B Through an Orifice . B.C. CROOKER, J.M. PARPIA+", 
and J.D. REPPY, Cornell U .*—We have used a torsional 
oscillator operating at 870 Hz to study the flow of su¬ 
perfluid ^He-B in a closed loop with an included area of 
1 crn^. a diaphragm consisting of a 5 ym aperture in a 
0.25 ym thick gold film provides an impedance to this 
flow. The velocity dependence of the dissipation has been 
measured in 3He-B. Previous experiments at Cornell with 
an 18 ym aperturel found an unchanged dissipation until a 
critical amplitude (velocity) is exceeded. Larger ampli¬ 
tudes were found to increase the dissipation. In the 
current series of experiments we again find an unchanged 
dissipation below a critical amplitude followed above 
that point by increasing dissipation with increasing 
amplitude. However, above some higher critical amplitude 
we see a return to constant dissipation with increasing 
amplitude yielding a step like structure. These exper¬ 
iments are continuing on the Cornell rotating cryostat. 
+ Present Address: Dept. Phys., Texas A&M Univ., College 
Station, Texas 77843. 

*Work supported by the NSF through grants DMR-77-24221, 
DMR-78-02655 and indirectly through the Cornell 
Materials Science Center through Grant //DMR-76-81083. 
IPhys. Rev. Lett. 43, 1332 (1979). 

DL 8 Observation of the Landau critical velocity 

in He II . E. Y. ANDREI and W. I. GLABERSON,* Rutgers U . 
—We have measured the downshift in the speed of fourth 
sound in the presence of superflow in various restricted 
geometries. The results are interpreted in terms of the 
Landau excitation model. This experiment constitutes an 
observation of the Landau critical velocity and its 
temperature dependence. A numerical calculation of the 
Landau critical velocity, based on the excitation 
spectrum of He II, yielded results in good agreement 
with the experiment. 

*Supported in part by the N.S.F. 

DL 9 The Critical Counterflow Velocity in He II .* 

J.T. TOUGH, The Ohio State University -- Superfluid 
turbulence cannot be maintained for counterflow vel¬ 
ocities less than a critical value Vc. As V is 
decreased to V c the internal length scale of the tur¬ 


bulence, the average interline spacing Jt(T,V), 
approaches the external length scale imposed by the 
finite size d of the flow channel. Data from channels 
of different shape, spanning three decades of size, 
obtained over the temperature range 1.2K<T<2,0K are all 
consistent with the condition £(T,V C ) - d/2.5. The 
same condition can be generalized to include the 
external length scale imposed by the vortex lattice in 
a rotating channel, and successfully accounts for the 
dependence of V c on temperature channel size and 
rotation speed observed recently by Yarmchuck and 
Glaberson.1 

*Work supDorted by NSF Grant DMR-77-08601. 

^E.J. Yarmchuck and W.I. Glaberson, Phys. Rev. Lett. 

4T_, 564 (1978). 

DL 10 The Effect of Channel Size on the Properties of 
Superfluid Turbulence.* K. P. MARTIN and J. T. TOUGH, 

The Ohio State Univ . -- Previous thermal counterflow 
experiments in small circular channels (-.01cm diam) have 
revealed two distinct states of turbulent flow. We have 
observed these same states in a channel an order of 
magnitude larger. Measurements of the small thermal 
resistance associated with the turbulence in this large 
channel are made using a superconducting bolometer 
coupled to a SQUID giving a temperature resolution of 
10 _6 K between 1.2K and 2 K. The attenuation of second 
sound Helmholtz oscillations are also measured and 
complement the thermal resistance data. These results 
will be discussed in terms of our understanding of the 
two turbulent states in small channels. 

*Work supported by NSF Grant DMR-77-08601. 


DL 11 Temperature Gradients in Turbulent Superflow of 
He II.* R. A. ASHTON and J. T. TOUGH, The Ohio State 
Univ. -- In the study of turbulent counterflow it is 
often assumed that the only important velocity is the 
relative velocity V n -V s and that the turbulence is 
homogeneous and independent of geometry. The study of 
turbulence in pure superflow is a good test of these 
assumptions. Experiments on pure superflow have, 
however, yielded widely differing results. We believe 
this disparity to be the effect of insufficient control 
of the experimental parameters. We describe a tech¬ 
nique for measuring the temperature difference produced 
by turbulent superflow through a glass channel 
(10 cm long, - .01cm diam) in which the velocity of 
the superfluid is unambiguously measured. We will 
discuss our preliminary measurements in terms of our 
understanding of turbulent counterflow in identical 
channels. 

*Work supported by NSF Grant DMR-77-08601. 

DL 12 New Method for Studying Turbulence in Superfluid 
Helium. K. W. SCHWARZ and C. W. SMITH*, IBM Watson 
Research Center .--Space and time-resolved information about 
the quantized vortex-line tangle can be obtained by using 
negative ion probes in a pulsed, interrupted-flight mode. A 
localized pulse of ions is injected into the turbulent region and 
allowed to propagate to the point of interest under the action 
of a large electric field. The field is then switched off to 
allow the ions to trap on such vortex lines as may be present 
locally. The field is then switched on again and the amount of 
free charge remaining in the pulse is measured. Both the 
location at which the ions are allowed to interact and the 
duration of the interaction time can be varied. Exploratory 
experiments using this interrupted-flight technique are de¬ 
scribed. Spatial resolutions of a few millimeters and temporal 
resolutions of 50msec are easily attained using standard ion 
pulse techniques. 

Permanent Address: University of Maine, Orono 
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DL 13 Interrupted-Flight Study of Ultrasonically Generated 
Turbulence in Superfluid Helium. C. W. SMITH* and K. W. 
SCHWARZ, IBM Watson Research Center .-A beam of ultra¬ 
sound in superfluid helium serves to generate an inhomogene¬ 
ous vortex-turbulent field. The interrupted-flight method has 
been used to measure the resulting steady-state spatial distri¬ 
bution L(r) of vortex-line density. L(r) is found to be large 
within the beam, to drop sharply to a smaller but finite value 
at the edge of the beam, and to decrease slowly away from 
the beam. The build-up and decay L(T,t) of the turbulent 
field have also been investigated. When the beam is turned 
on, L(?,t) builds up quickly within the beam and then spreads 
gradually to the surrounding region. When the beam is 
switched off, the high densities within the beam decay quickly 
to values characteristic of the surrounding region. The result¬ 
ing smooth, low-density field then decays at a much slower 
rate. 

Permanent Address: University of Maine, Orono 


DL 14 Tkachenko Waves in Rotating Superfluid ^He. 

C. D. ANDERECK and W. I. GLABERSON,* Rutgers U .—We have 
obtained experimental evidence for the existence of 
Tkachenko waves in the quantized vortex array in rotating 
superfluid ^He. 1 To excite and detect the waves a 
modified Andronikashvili oscillator is used. A stack 
of parallel disks, suspended by a torsion fiber in a 
rotating cryostat, is driven into torsional oscillation. 
As the drive frequency is swept through a Tkachenko wave 
resonance, there is a corresponding resonant response in 
the complex moment of inertia of the stack. The data 
will be compared with predictions of Williams and Fetter. 2 
The temperature dependences of the resonance frequencies 
and of the quality factors will be discussed. 

♦Supported in part by the N.S.F. 

1. C.D. Andereck, J. Chalupa, W.I. Glaberson, Phys. Rev. 
Letters, 44, 33 (1980). 

2. M.R. Williams and A.L. Fetter, Phys. Rev. B16, 4846 
(1977). 


I SESSION EA: CEREMONIAL SESSION IN HONOR OF APS PRIZE WINNERS 
Tuesday afternoon, 29 April 1980; Washington Room, Sheraton Washington Hotel at 2:00 P.M.; Herman Feshbach, presiding 

Presentation of the 1980 Davisson-Germer Prize to ALEXANDER DALGARNO, Harvard University, by H. FESHBACH. 

1980 DAVISSON-GERMER PRIZE WINNER LECTURE 

EA 1 Atomic Processes in Astrophysics and Atmospheric Physics. ALEXANDER DALGARNO, Harvard University. (40 min.) 

Some atmospheric and astrophysical phenomena are described whose analysis and interpretation 
stimulated advances in our understanding of atomic and molecular processes. 


Presentation of the 1980 Tom W. Bonner Prize in Nuclear Physics to RICHARD M. DIAMOND and FRANK S. STEPHENS, 
Lawrence Berkeley Laboratory, by H. FESHBACH. 

1980 TOM W. BONNER PRIZE WINNERS’ LECTURES 

EA 2 Properties of High-Spin States. 

RICHARD M. DIAMOND, Lawrence Berkeley Laboratory. (40 min.) 

Reactions with heavy ions may involve hundreds of units of angular momentum; of special interest 
is that portion transformed into the intrinsic angular momentum of the product or products. 
Excited nuclei have much smaller upper limits for spin, set mainly by the probability of 
fission. Below that limit, excitation energy is removed by particle (usually neutron) 
evaporation, and when the energy has fallen to within a neutron binding energy of the yrast 
line, gamma-ray cascades carry off the remaining excitation energy and all the angular 
momentum. In favorable cases, study of the gamma-ray continuum can yield information, on states 
up to spin~65h. It has been found that different nuclei show a variety of behavior with spin, 
depending upon the compromise reached between collective rotation of the nucleus as a whole and 
the angular mmentum carried by single-particle alignment along the rotation axis. The use of 
multiplicity filters and sum spectrometers has permitted part of this story to be told; and a 
new generation of experiments involving correlated gamma-ray energies shows much promise; we now 
know something about the shapes and moments of inertia of these nuclei, and how they change with 
increasing spin, and in some cases there are remarkable agreements with theoretical 
calculations. Both experiment and theory provide an exciting future for the spectroscopy of 
high-spin states. 

*This work was supported by the Division of Nuclear Physics of the U. S. Department of Energy 
under Contract No. W-7405-eng-48. 

EA 3 Angular Momentum Alignment in Nuclei. FRANK S. STEPHENS, Lawrence Berkeley Laboratory. (40 min.) 


I SESSION EB: SYMPOSIUM OF THE DIVISION OF COSMIC PHYSICS: GAMMA-RAY ASTRONOMY 
Tuesday afternoon, 29 April 1980; Palladium Room, Shoreham-Americana Hotel at 2:00 P.M.; Ian Strong, presiding 

EB 1 Gamma-Ray Sources and Cosmic-Ray Bubbles. 00 THIERRY MONTMERLE, CEN-Saclay. (30 min.) 

Following the pioneering work of SAS-2, the European COS-B satellite has now isolated 29 localized 
sources of high-energy (_> 100 MeV) y-ray emission, and work is still in progress. These sources 
are obtained through a cross-correlation method; the error box is typically 1° in radius, but 
in general no spectral information is available, owing to the high background brightness of most 
regions of the galactic plane, in which they generally lie. The identification of these sources 
with known objects is certain in the case of pulsars because of the light curve (Crab, Vela), 
probable in the case of the pOph dark cloud and the quasar 3C273. While the y-ray emission is 
not yet understood for pulsars and quasars, some progress has been made recently for p Oph and 
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for a class of y-ray sources possible identified with supernova remnants (SNR) linked with OB 
associations ("SNOBs"). The connection between y-ray sources and active regions in the galaxy 
will constitute the main topic of this talk. They are most vividly illustrated by the pOph 
cloud and the Carina Nebula. At least in some cases, tt° decay seems to be the most likely y-ray 
emission process, implying that some y-ray sources are also cosmic-ray (CR) sources. Indeed, 
this implies values of the CR energy density ^5 - 200 times that in the solar neighborhood* and 
a strong confinement of CR near their birthplace. Possible acceleration mechanisms include 
shocks from supersonic stellar winds and/or from SN explosions, in OB associations. In this 
framework, one would have big, but short-lived CR bubbles (strong sources, lifetime MO 5 yr), 
and small, longer-lived CP bubbles (weak sources, lifetime MO 7 yr), organized along the galactic 
spiral arms in a time-dependent, bead-on-a-string fashion. 

(x) Work done in collaboration with M. Cass6, C. Cesarsky and J. Paul (Saclay). 

EB 2 Theoretical Calculations of Gamma-Line Fluxes from Explosive Astrophysical Processes.* 

S.E. WOOSLEY, University of California-Santa Cruz. (30 min.) 

The production of discrete y-ray lines by a number of recently synthesized radio-active nuclide^ 
in our Galaxy and other galaxies will be discussed. Model supernova calculations carried out 
with T. A. Weaver of Lawrence Livermore Laboratory suggest a flux from accumulated 26 A1 in the 
interstellar medium of about 10~ 4 photons cm -2 sec -1 if galactic nucleosynthesis has continued 
unabated to the present epoch. These same calculations also show a 25 Type II supernovae 
located at 1 Kpc could glow at a level exceeding 10' 4 cm' 2 sec -1 for 5 years in the lines of 
56 Ni, 25 years in 22 Na, and 300 years in 44 Ti. The 300 year old CAS A supernova remnant 

might even still be visible to GRO in lines of 44 Ti. Gamma lines from 56 Ni originating as far 
away as the Virgo Cluster (2 Mpc) could probably be observed by HEAO-C from a Type I supernova 
of age less than one year. Calculations leading to these numbers will be discussed and sources 
of possible error reviewed. The possibility (and impossibility) of detectable y-line fluxes 
from novae and X-ray bursters will also be discussed briefly. 

* 

Supported by the National Science Foundation AST 79-09102 and the Department of Energy 
W-7405-ENG-48. 

EB 3 Gamma-Ray Bursts-New Observations with Precise Positions. 

W.D. EVANS, Los Alamos Scientific Laboratory. (30 min.) 

The launch in 1978 of the Pioneer Venus Orbiter, the ISEE-3 and the Venera 11 and 12 provided, 
with Helios II, an interplanetary network of instruments designed to observe gamma-ray bursts. 

About thirty bursts have been observed with various combinations of instruments. For several 
of the more intense bursts, calculations of precise source directions are possible. In 
addition to source directions, the observations have provided new information on the spectra 
of the bursts including the detection of possible line features. The most intense burst of 
high energy protons ever observed occurred on March 5, 1979 and was recorded by instruments 
on at least nine satellites. The March 5 event was sufficiently different from the "usual" 
gamma-ray burst that it may represent a new class of transient phenomena. 

*Work performed under the auspices of the U.S. Department of Energy. 

EB 4 Gyrosynchrotron Cooling and Annihilation of an e + -e~ Plasma: The Radiation Mechanism for the March 5, 1979 
Gamma Ray Transient from a Supernova Remnant in the LMC. R. RAMATY, NASA-Greenbelt, Md. (30 min.) 

If the source of the March 5, 1979, gamma ray transient is in the LMC and if the emitting surface 
is that of a neutron star, the temperature must exceed kT =- 60 keV so that blackbody radiation 
can produce the observed bolometric luminosity. The temperature should, furthermore, exceed 
300 keV, the observed brightness temperature at the low energy end of the spectrum. The burst 
spectrum, however, can be fit by blackbody radiation in only a limited range of energies. In 
the 30 to 300 keV range such a fit is possible, but it requires kT ^ 30 keV. This temperature 
not only is inconsistent with the observed luminosity and brightness, but also produces insuf¬ 
ficient radiation above 300 keV. Here the observed spectrum extends to about 10 3 keV, and shows 
a line feature at ~ 400 keV which could be due to gravitationally redshifted e + -e" annihilation. 

The width of the line, however, limits the temperature to kT ^ 60 keV. Finally, it would appear 
absorption by photon-photon pair production limits the distances of gamma ray transients to 
hundreds of parsecs, much closer than the LMC. We show that all these apparent discrepancies 
are resolved if the observed radiation is produced by an e + -e" plasma which cools before it 
annihilates. A hot e+-e' plasma should, of course, surround any high temperature-high intensity 
source. But if a sufficiently strong magnetic field permeates this plasma, and if the pair 
density decreases with distance from the source faster than B, a transition layer can develop 
which separates the hot pair- and photon-dominated regime from a cooler one devoid of pairs. 

This layer then emits gyrosunchrotron and pair annihilation radiation and these can account for 
the observed emission during the 0.1 sec spike of the March 5, 1979, transient at the distance 
of the LMC. We also discuss other properties of this transient, such as periodicity and 
repetition, and the possible source of the burst energy. 

I SESSION EC: SYMPOSIUM OF THE DIVISION OF ELECTRON AND ATOMIC PHYSICS: ATOMIC INNER-SHELL HOLE STATES 
Tuesday afternoon, 29 April 1980; Blue Room, Shoreham-Americana Hotel at 2:00 P.M.B. Crasemann, presiding 

EC 1 Double Ionization Processes and Double Hole State Dynamics. 

J.P. BRIAND, Universite Pierre et Marie Curie , (30 min.) 

The dynamics (excitation and decay) of single electron states or single hole states which is now fairly 
known may be described, at least at first order, in the central field approximation. When considering 
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double electron or double hole excitation or decay, correlation effects may play a very important role 
and the central field approximation may drastically fail in predicting transition probability values. This 
double hole dynamics is usually difficult to study owing to its small probability of excitation or decay 
when using conventional methods. The development of new techniques of excitation and detection recently 
enables extensive studies of these processes. The different modes of double inner-shell ionization (or 
excitation) now available are compared as well from an experimental point of view (how to control the 
production of doubly ionized states : nature of the considered states and relative intensity of double 
excitation with respect to single ones) as from a theoretical point of view (how each of these processes 
may provide information on the electronic correlation effects and how they may be described by simple 
approximate models). These processes involving the simultaneous change of two electrons,that are 
compared,are namely photoionization (with synchrotron radiation), ionization by light particles (electrons), 
ionization or capture by heavy ions at low and high velocity, and excitation or ionization accompanying 
some nuclear events like nuclear electron capture or internal conversion. The radiative decay of double 
hole states involving the simultaneous change of two electrons (two electron - one photon transition) is 
also discussed and compared to some specific double resonant excitation processes. 


* Laboratoire associe au CNRS No 198. 

EC 2 Relativistic Effects in Atomic Radiationless Transition Rates.* M.H. CHEN, University of Oregon. (30 min.) 

Extensive relativistic calculations of radiationless transitions 1 for K, L, M, and N shells 
have been performed for a variety of elements using Dirac-Hartree-Slater wave functions, 
with the interaction expressed by the Miller two-electron operator. Relativity is found 
to be important even for M- and N-shell Auger transitions. The effects of relativity is 
more pronounced on individual transition rates to various final states than on the total 
Auger rates because of cancellations. Our systematic studies show that the influence of 
relativity on individual Auger rates is very uneven. Relativity can arise from (i) 
differences between relativistic and nonrelativistic wave functions, (ii) retardation of 
the electrostatic interaction, (iii) the retarded current-current interaction. The net 
effect depends on the relative phase and strength of the components. Detailed comparison 
with nonrelativistic Hartree-Slater matrix elements indicates that all three factors are 
important in K-shell Auger transitions, but the difference in wave functions is the dominant 
factor affecting most of the transitions to L, M, and N shells. For the KLL, KMM and LMM 
Auger spectra, relativistic calculations in intermediate coupling with configuration inter¬ 
action have been found to achieve good agreement between theory and experiments. 

*Supported in part by the Air Force Office of Scientific Research and the U. S. Army 
Research Office. 

] M. H. Chen, E. Laiman, B. Crasemann, M. Aoyagi, and H. Mark, Phys. Rev. A 19, 2253 
(1979) and to be published. 

EC 3 Accurate Atomic Inner Shell Energies.* R.D. DESLATTES, National Bureau of Standards. (30 min.) 

Experimental estimates of atomic inner shell energies are derivable from X-ray absorption edge 
locations, photoelectron thesholds and (their pairwise differences) from emission line positions. 
Interpretational difficulties complicate inference of these energies from absorption edges; 
photoelectron spectroscopy entails electron energy loss and escape problems as well as accuracy 
1 imitations at higher energies; emission lines are troubled by multiple vacancy satellite lines 
within and near parent profiles. Recent surveys avoided use of absorption edges and used X-ray 
emission line data (some rather old) in combination with photoelectron spectroscopy values of 
certain inner shell thresholds. On the theoretical side, considerable progress has been made 
in elativistic self consistent field calculations of single vacancy energy levels. Experi¬ 
mentally, a number of X-ray emission lines have been recently obtained on a more accurate 
energy scale and with higher resolution than was previously available. These data involve 
"direct" measurements in terms of R and indirect values obtained by comparison with y-ray 
lines which had also been normalized in terms of R J In addition, at least one edge measure¬ 
ment has been carried out with good accuracy and adequate theoretical analysis of the effect of 
bound states. 2 Although the presently available data having the indicated "improved" character 
are still sparse, several kinds of comparison with theory are possible. Term values are few 
indeed making trends difficult to discern although agreement in certain isolated cases is 
remarkable. More extensive, but still scattered, comparisons are possible between emission 
line locations and calculated term value differences. These appear smooth in Z with simple 
regularities for which one may hope to obtain elementary understanding or which may only signal 
the presence of systematic calculational error. 

*Work carried out in collaboration with E.G. Kessler, Jr. 

^R.D. Deslattes, E.G. Kessler, Jr., L. Jacobs and W. Schwitz, Phys. Lett. 7]_A» 411 (1979). 

^M. Breinig, M.H. Chen, G.E. Ice, F. Parente, B. Crasemann and G.S. Brown, to be published. 

EC 4 Quantum-Electrodynamic and Relativistic Effects in Atomic Inner-Shell Level Energies. 

W.R. JOHNSON, University of Notre Dame. (30 min.) 


( SESSION ED: SYMPOSIUM OF THE COMMITTEE ON APPLICATIONS OF PHYSICS: STANDARDS FOR PHYSICAL MEASUREMENT 
Tuesday afternoon, 29 April 1980; Empire Room, Shoreham-Americana Hotel at 2:00 P.M.; Barry N. Taylor 

ED 1 Atomic Frequency Standards: Present Status and Prospects for Improvement. 

S. STEIN, National Bureau of Standards-Boulder. (30 min.) 

By international agreement, the second is defined to be the duration of 9192,631,770 periods of 
the radiation corresponding to the transition between the two hyperfine levels in the ground 
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state of the cesium 133 atom. This definition is realized today in the laboratory with an 
accuracy better than 1 part in 10*3, which far exceeds the state-of-the-art for the other base 
units of measurement. The ideal frequency standard consists of a single unperturbed atom, and 
these conditions are best met today in an atomic beam. The present day cesium beam frequency 
standard consists of a Ramsey separated oscillatory field spectrometer; the principle limitation 
on the accuracy is our ability to cancel out or measure the Doppler shift due to the net 
velocity of the atom. This problem may be significantly reduced in the future by replacing the 
magnetic state selection by optical pumping and using a modified interferometer where the 
separated fields have slightly different frequencies. To achieve an accuracy significantly 
better than 1 part in 10 lIJ will probably require an actual decrease in the velocity of the 
atoms which may be possible in the future using radiation pressure cooling. It is significantly 
easier to cool ions contained in an electromagnetic trap and a temperature substantially 
less than IK has already been reported. Therefore, future frequency standards, achieving an 
accuracy of 1 part in 10 15 , will probably be based on ion storage and cooling techniques. There 
is very great pressure to improve accuracy because of its intimate relationship with very long¬ 
term stability. Applications in satellite based radio navigation, tracking of deep space probes, 
detection of gravitational radiation, very long baseline interferometry and digital communica¬ 
tions already require field standards whose long-term stability exceeds what is achieved today 
in the laboratory. 

ED 2 Neutron Standards Measurements and Related Physics Research.* 

C.D. BOWMAN, National Bureau of Standards-Washington, DC. (30 min.) 

The improvement of neutron standards to the accuracy required by today|s technology requires 
significant advances in neutron measurement techniques and in the physics of neutron interac¬ 
tions. The typical accuracy goal requested for nuclear data standards, standard beams, and 
neutron source strengths, is at the U level. This accuracy represents a major challenge both 
in measurement techniques and in related physics, particularly at the interface between nuclear 
and chemical physics. Neutron measurements will be reviewed which aresupportive of fusion 
research, commercial nuclear power production, personnel radiation dosimetry, cancer therapy, 
and the safeguarding of nuclear material. Neutron research in support of this effort will be 
described including the influence of molecular vibrations of gas molecules on neutron reaction 
cross sections. These studies might provide a means of varying nuclear cross sections by con¬ 
trolling the physical state of the gas. The excitation and deexcitation of excited molecular 
or atomic states by neutron collisions will be described along with implications for neutron 
moderation and neutron spectrum control. 

♦Supported in part by the U.S. Department of Energy and the U.S. Nuclear Regulatory Commission. 

ED 3 Standard Reference Materials (Gallium Melting Point Temperature Standard. 

B.W. MANGUM, National Bureau of Standards-Washington, D.C. (30 min.) 

Standard Reference Materials (SRMs) are well-characterized, stable materials (or artifacts) that 
have one or more physical or chemical properties that have been measured and certified by the 
National Bureau of Standards. These SRMs are needed throughout science and industry to help 
solve various measurement and standards problems, to help ensure measurement compatibility among 
various laboratories and to help improve the accuracy of measurements. One such SRM is the 
gallium melting point temperature standard. The technical aspects of the development of the 
gallium melting point as a temperature fixed point and some of the measurement and standards 
problems it helps to alleviate will be discussed. 

ED 4 Metrology for Microelectronics.* W.M. BULLIS, National Bureau of Standards-Washington, D.C. (30 min.) 

Advances in semiconductor device and materials technology have been very closely associated with 
advances in measurement technology. The semiconductor field has long provided many challenges 
for the metrologist. The purity, perfection, and cleanness required of the materials, the tiny 
dimensions of the devices, and the multidisciplinary nature of the field have all contributed to 
the metrological difficulties. Two major classes of metrology - dimensional metrology and mate¬ 
rials characterization - are required to provide the basic understanding of microelectronic 
structures and to interpret device and circuit characteristics. In addition, ancillary tech¬ 
niques associated with analysis of process chemicals, control of process steps, and characteri¬ 
zation of packages are also needed. To illustrate the role of physics in solving these metro¬ 
logical problems, recent advances in two areas - (1) optical techniques for linewidth measure¬ 
ments on photomasks and wafers and (2) integrated microelectronic test structures for measurement 
of material characteristics — will be discussed. 

♦Work conducted as part of the NBS Semiconductor Technology Program with partial support from 
the Defense Advanced Research Projects Agency (Order 2397). Not subject to copyright. 


( SESSION EE: INSTRUMENTATION AND APPLICATIONS II 
Tuesday afternoon, 29 April 1980 

Baltimore Room, Sheraton Washington Hotel at 2:00 P.M. 

N. Veh, presiding 

EE 1 Column Voltage Tests of the Oak Ridge 25 MV 
Tandem Accelerator. ?.M. JONtS, J.k. feAlR, 0.A. BENJAMIN, 
J.A. bTggersTaff, A. CEBALLOS*, N.A. FAZZINI*, R.C. 

JURAS, J.E. MANN, J.A. NICOLAI*, E.G. RICHARDSON, N.F. 
ZIEGLER, Oak Ridge National Laboratoryt --Voltaqe tests 
on the column structure (without acceleration tubes) of 


the Oak Ridge type 25URC tandem accelerator have been 
performed by staff members of the manufacturer, National 
Electrostatics Corporation. Distributions in breakdown 
voltage were measured for several test pressures between 
5 and 90 psig. At 90 psig, the measured distribution 
was centered at 28.8 MV and had a full width at half 
maximum of about 2 MV. The maximum voltage achieved at 
this pressure was 32.0 MV. Absolute values of the ter¬ 
minal voltage were inferred from the column corona 
voltage grading system and are subject to an estimated 
uncertainty of about ±5%. Examination of the column 
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structure after the tests showed no structural damage. 
Damage at points on the column equipotential surfaces 
(terminal, rings, etc.) where sparks occurred was minimal 
and will not pose an operational problem. The present 
status of the accelerator will also be discussed. 

*0n leave from Comision Nacional de Energia Atomica, 
Buenos Aires, Argentina. 

tOperated by Union Carbide Corp. for the USDOE. 

EE 2 The Calculation of the Expected Frequency of 
Electrical Discharge from Electrostatic accelerator 

Terminals .* J. H. BROADHURST, U. Minnesota--Measure- 

ments have been madel- of the probability of breakdown 
per unit time interval of concentric cylinder spark 
gaps as a function of applied electric-field strength 
and of insulating gas parameters. Using this data cal¬ 
culations have been made of the expected behavior of 
the terminal configurations used in FN, and M.P. and 
14 UD accelerators. Predictions are also made of the 
expected behavior of the 30 MV accelerator under con¬ 
struction at Daresbury, England. 

*Supported by D.O.E. Contract No. AC02-79ER10417. 

1-Proc. S.N.E.A.P. conference (Conf. 781051) 38-50 
Oak Ridge, Tenn. (1978). 

EE 3 The Oak Ridge Isochronous Cyclotron as an Energy 
Booster for the 25 MV Tandem. R.S. LORD, J.B. BALL, T.P. 
CLEARY, R.M. BECKERS, E.D. HUDSON, C.A. LUDEMANN, J.A. 
MARTIN, G.S.McNEILLY, S.W. M0SK0, R.O. SAYER, Oak Ridge 
National Laboratory .*—The ORIC has been modified so that 
it can act as an energy booster for the heavy ion beam 
from the 25 MV "folded" tandem. Beams of ions with mass 
up to A=160, with sufficient energy to overcome the 
Coulomb barrier on uranium will be produced. Modifica¬ 
tions include the replacement of the cyclotron dee, 
installation of an internal stripping foil positioner, 
inflection magnet and beam injection line. These modifi¬ 
cations do not affect operation of the ORIC with its 
internal ion source when booster operation is not 
desired. First operation as a booster accelerator is 
expected soon after the beam is available from the 
tandem. 

^Operated by the Union Carbide Corp. under contract with 
the U.S. Department of Energy. 

EE 4 ''iLpin.. Sp.ec t r nm e t er' * - A 4 tt y-Ra.y Multidetector Sys¬ 

tem for Heavv-Ion Physics.* M. JAASKELAINEN, D.G. SAR- 
ANTITES, R. WOODWARD, J.T. HOOD, Washington Univ ., J.H. 
BARKER, St. Louis Univ ., D.C. HENSLEY, M.L. HALBERT, 

Oak Ridge Nat. Lab .**—A new type of spectrometer for 
investigation of nuclear structure at high angular mo¬ 
mentum and of the mechanisms of heavy-ion induced reac¬ 
tions has been constructed. It consists of a 4 tt array 
of 72 Nal individual detector elements packed as a 
spherical shell. It has been installed at the HHIRF 
and will be used to record simultaneously on an event- 
by-event basis the y-ray multiplicity, the total and 
the individual detector pulse heights, the associated 
neutron multiplicity, the angular correlations and time 
relationships of almost all the y-rays in each cascade. 
The performance of the detectors, the calibration 
methods and the associated data acquisition system will 
be described. Total efficiencies for triggering and 
energy deposition will be discussed. The geometrical 
arrangement and its compatibility to a large class of 
experiments will be presented. 

*Supported in part by U.S.D.O.E. 

**Operated by Union Carbide Corp. for U.S.D.O.E. 

EE 5 Effects of Intense Heavy Ion Beams on Carbon 
Foils. R.L. AUBLE, J.K. BAIR, D.M. GALBRAITH, C.M. JONES, 
P.H. STELSON, Oak Ridge National Laboratory ,* and D.C. 
WEISSER, Australian National University. -- Thin carbon 
foils, 2-10 yg cm -2 , will be used as strippers in the new 
Oak Ridge 25MV tandem accelerator where they will be 
subjected to heavy ion beams with currents ranging up to 
1 yA. Rapid deterioration of these foils would cause 
numerous interruptions in experiments and frequent re¬ 
loading of the stripper foil magazine. In an effort to 


understand how the lifetime of stripper foils might be 
extended, we have studied the effects of heavy ions on 
carbon foils by bombarding them with 10 MeV 35cl ions. 
Foils made by glow, discharge cracking of hydrocarbon gas* 
are found to survive much higher fluences than those made 
by vapor deposition. Increased lifetimes to structural 
failure ranging from 5 to 20 times those for vapor de¬ 
posited foils were obtained. Foil lifetimes and thick¬ 
ness dependence will be presented. Rapid foil evaluation 
using very low energy ions will also be discussed. 

*0perated by Union Carbide Corp. for the USDOE. 

*D.S. Whitmell and R. Williamson, Thin Solid Films 35, 

255 (1976). — 

EE 6 A Multi-Angle Gas Ionization Detector for 
Particle Identification , T.R. OPHEL, J.R. LEIGH and W. 
GALSTER, Department of Nuclear Physics, Australian 
National U .--A gas detector, consisting of 8 surface 
barrier detectors and a multi-electrode structure to 
determine the energy loss of particles incident on them, 
has been used successfully for heavy ion reaction 
studies. Although the electrodes used to derive the 
AE signals are electrically coupled within the detector, 
an excellent signal to noise ratio is obtained providing 
AE resolution in the range 3-4%. The thin entrance 
windows, which separate the detector volume into 8 
discrete regions, are located at intervals of 15°. 

EE 7 

Heavy Ion Stopping Powers. * J. M. ANTHONY, Yale Uni- 
versity, andW.A. LANFORD, S.U.N.Y. at Albany. — We 

have made a recent study of the integrated stopping power of 
energetic heavy ions (Z^ = 14, 28, 79 and E-^ ^ 2.5 MeV/amu) 
in thick targets (Z 2 = 29, 47, 82 and t ^ 10 mg/cm 2 ) which 
suggests modifications of previous stopping power curves. 1 
Two effects are seen: 1) non-linearity of Stopping power vs. 
Velocity at low energies, and 2) for some Zj, Z 2 combina¬ 
tions the peak in the Stopping power vs. Energy curve occurs 
at substantially lower energies than predicted in current 
standard tables. * 1 Direct dE/dx measurements made in two of 
these cases (Ni on Cu, Ag) over a broad energy range (1 - 175 
MeV) confirm these features. 

* Work supported by USDOE Contract No. EY-76-C-02-3074. 

1 L. C. Northcliffe and R. F. Schilling, Nuclear Data Tables 
7, Nos. 3-4 (1970) 233. 

EE 8 Cooperation in the Creation, Development and 
Maintenance of Computerized Data Acquisition and 

Analysis Systems. ?< L.C. WELCH, Indiana U. —In the 
next few years many of the existing computer systems 
at federal and university laboratories will become 
obsolete. 1 * 2 The task of developing the software 
for the replacement systems will place a severe strain 
on the physics community. There exist many possibili¬ 
ties, involving cooperation, for lessening this strain. 3 
Some of these possibilities will be discussed. 

*Work supported by the National Science Foundation. 

Report of the 1979 NUSAC Instrumentation Subcommittee. 

2 L.S. Cardman, Bull. Am. Phys. Soc. 24, 841 (1979). 

3 L.C. Welch, IEEE Trans, on Nucl. Sci., NS-26, 4523 
(1979). 

EE 9 A CAMAC-based Data Acquisition System for 

Nuclear Physics Research .* M.L. STELTS, R.E. CHRIEN, 
and V. MANZELLA, Brookhaven National Lab. —A CAMAC-based 
data acquisition system has been implemented to acquire 
data for a variety of nuclear physics experiments at the 
High Flux Beam Reactor. Several considerations affected 
the design: 1) a need for sufficient flexibility and pow¬ 
er to accommodate simultaneous data acquisition for sev¬ 
eral experiments and easy adaptation to add new experi¬ 
ments, 2) limited manpower resources which dictated maxi¬ 
mum use of commercially available hardware and software 
technology, and 3) a necessity to interface a variety of 
experimental devices. Our solution uses a PDP-11 com- 
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puter with an RT11 operating system for the control com¬ 
puter, CAMAC-interfacing for the experiments, a micro¬ 
processor-based branch driver giving distributed com¬ 
puting power, and megaword memory. All these are 
commercially available units. Non-CAMAC modules are in¬ 
terfaced through simple devices that define an event and 
translate digital signal levels to CAMAC input registers. 
Details of system design and performance will be pre¬ 
sented . 

* Research has been supported by contract no. 

DE-AC02-76CH0016. 

EE 10 Majority Logic NE-110 Detector for keV Neutrons .* 
N. W. HILL, J. A. HARVEY, D. J. HOREN, Oak Ridge Nation¬ 
al Laboratory , G. L. MORGAN, Los Alamos Scientific Lab¬ 
oratory , and R. W. WINTERS, Denison University . — A 
proton recoil detector for neutrons in the energy range 
of 5 keV to 1 MeV has been developed whose efficiency 
is reproducible and stable. A 6 x 6 x 2 cm scintillator 
with RCA 8850 photomultipliers on three of its faces has 
been used for total cross section measurements to 5 KeV 
where the efficiency is ^10%. Each discriminator is 
biased well below the single photoelectron level; 
majority logic eliminates phototube noise and requires 
one or more photoelectrons in at least two tubes. Pulse 
height measurements of the summed signals have been made 
from 5 keV to 350 keV using both a continuous neutron 
beam and Fe window neutrons. The experimental results 
were compared with Monte Carlo calculations to obtain 
the absolute neutron detection efficiency of the detec¬ 
tor. This detector has been used to determine the ine¬ 
lastic scattering cross section of 82 keV neutrons from 
238u. 

*The research was sponsored by the Division of Nuclear 
Sciences, U.S. Department of Energy, under contract 
with the Union Carbide Corporation. 

EE 11 Performance of Large-Volume Mean-Timed Neutron 
Detectors.* R. MADEY, J.W. WATSON, B.D. ANDERSON, A.R. 
BALDWIN, M. AHMAD, R. CECIL, A. FAZELY, and J. KNUDSON, 
Kent State U.--We constructed several large-volume 
(13.1 £, 26.2 £, and 52.4 £). mean-timed 1 detectors and 
used them in neutron time-of-flight experiments at 
particle accelerators. Cosmic-ray coincidence measure¬ 
ments indicate intrinsic time resolutions < 155 ps for 
the 13.1 £ detectors and < 235 ps for the 26.2 £ 
detectors. With a 26.2 £ detector at the Bevalac we 
observed a prompt j-ray peak 375 ps wide from 337 MeV/A 
neon bombardment of uranium where the time reference 
was derived from a mean-timed beam telescope counting 
individual neon ions. With 26.2 £ detectors at the 
IUCF, we observed neutron peaks 490 ps wide in the 
48 Ca(p,n) 48 Sc reaction at 160 MeV, corresponding to 440 
keV resolution for 157 MeV neutrons observed over a 68 m 
flight path; we also obtained 230 keV resolution for 80 
MeV neutrons from the 12 C(p,n) 12 N reaction at 99 MeV 
with a 52.4 £ detector and a 76 m flight path. The IUCF 
measurements include both beam burst width and target 
thickness contributions. 

*Research supported in part by the N.S.F. and D.O.E. 

1 A.R. Baldwin and R. Madey, Nucl. Instr. and Meth., 
in press. 

EE 12 

Multi-Proportional Focal Plane Detector. 

N. TAKAHASHI, T. YAMAYA, E. TAKADA, T. SHIMODA , and K. 
NAGATANI, Texas A&M U. * *-—A focal plane detector with an 
effective length of 120 cm has been constructed for the 
Enge split-pole magnetic spectrograph. The detector 
consists of a gas proportional counter with a multi¬ 
element anode structure; two resistive anodes (0.5 mil 
diameter nicrome wires) which provide the position 
signal, and three anodes which follow (1 mil gold 
plated tungsten wires) provide either individual AE or 
combinations of AE signals. Grids and a repeller built 
in the detector make effective charge collection. Use 
of absorbers in front of and inside the detector allows 
a wide range of particle selections. There is a pro¬ 
vision to mount a scintillation E detector. The 
detector is built for the purpose of light and heavy 


ion detections with a broad range of momenta. 

♦Supported in part by the National Science Foundation. 

EE 13 , 9 

Accelerator Mass Spectrometry of 3 z Si with the 
Argonne FN Tandem . W. KUTSCHERA, W. HENNING, M. PAUL, 

R. K. SMITHER, E. J. STEPHENSON, J. L. YNTEMA, Argonne 
Natl. Lab. ,* D. E. ALBURGER, J. B. CUMMING, G. HARBOTTLE, 
Brookhaven Natl. Lab . — The recently developed technique 
of high-sensitive isotope detection with heavy-ion 
nuclear accelerators has been successfully applied 1 - at 
the Argonne FN tandem to detect ions of the long-lived 
radioisotope 3 2 Si (Ti/ 2 ^ 200- 700 years). 3 2 Si ions 
from a source material which was originally irradiated 
by 4 Coulombs of 3.4 MeV tritons to produce 32 Si via 
the 38 Si(t,p) 32 Si reaction, were accelerated to 80 MeV 
laboratory energy. The 32 Si ions were identified and 
counted in a split-pole magnetic spectrograph with an 
ionization-chamber type focal plane detector. An 
approximately 10 8 times stronger background from the 
omni-present 3 2 S isobar was eliminated by energy loss 
dispersion from a homogeneous, 1.5 mg thick aluminum 
foil stack at the split pole target position. Measure¬ 
ments are in progress to determine the 3 2 Si lifetime 
from the measured 32 Si concentration and 8-decay activity. 
* 

Work supported by the U. S. Department of Energy. 
lW. Kutschera, et al., RADIOCARBON (in press). 

EE 14 Measurement of the 32 Si Half-Life Using Tandem 
Accelerator Mass Spectrometry .* D. ELMORE, N. 
ANANTARAMAN, H.W. EJILBRIGHT, H.E. GOVE, and H.S. HANS, 
NSRL, U. of Rochester ; M.T. MURRELL, K. NISHIIZUMI, U. 

of California, San Diego ; and M. HONDA, U. of Tokyo .— 

We have carried out preliminary measurements of the 32 Si 
half-life (V300 years 1 ) by counting both the decay rate 
and the number of atoms of 32 Si in an enriched sample 
and then by using the relation dN/dt=-AN. The number of 
32 Si atoms was determined by placing ^5 mg of Si02 
( 32 Si/ 28 Si-10 _1 °) in the Cs sputter negative ion source 
of the accelerator, then measuring the stable 28 > 29 > 30 Si 
currents and 32 Si counts following magnetic and electro¬ 
static analysis. The interfering 32 S ions were separ- 
rated using multiple energy-loss measurements in a gas 
heavy ion detector. 2 * For a 32 S rate of VL0 4 s -1 , the 32 Si 
rate was 'VL min -1 which, with no background, was adequate 
for 10% statistics. We expect that after corrections, 
e.g. for dead time, pileup, mass fractionation and beam 
current calibration, these data should yield a half-life 
accurate within about 15%. 

*Work supported by the National Science Foundation. 

^.B. Clausen, J. of Glaciology 12^, 411 (1973). 

2 D. Elmore et al.. Nature 277 , 22, 246 (1979). 


Measurement of the 28 Mg(p,n) 26g A£ (7.2xl0 5 year) 

Cross Section via Accelerator Mass Spectrometry . 

W. HENNING, W. KUTSCHERA, M. PAUL, E. J. STEPHENSON, 

J. L. YNTEMA, Argonne Natl. Lab .* — The Argonne FN 
tandem accelerator has been used as a highly sensitive 

mass spectrometer to measure cross sections for the 
26 Mg(p,n) 26g A£ (Tj /2 = 7.2x 10 5 year) reaction in the 

astrophysically interesting energy range Ep = 5.1-7.0 

MeV. The cross section was determined through measure¬ 

ments of the 26 * A£/ 27 A£ ratio, typically of the order 
Iq- 10 to io” 11 , from previously irradiated 26 Mg samples 
(about 1 mg) which were used as source material in the 
inverted Cs-beam sputter source. 28 A£ ions of 72 MeV 
energy were counted in an Enge split-pole magnetic 
spectrograph and compared to the 2 7 A£ beam current from 
the same sample. The following cross section values 
were obtained: a = 7.4±2.4 mb (e£ m = 5.0 ±0.1 MeV); 
37.3 ± 6.3 (5.510.1), 28.2±4.5 (6.6+0.1); 42.6±6.9 
(6.4 10.1); 65.2 19.4 (6.6 10.1). The significance of 
the result with respect to the recently discovered 26 Mg 
isotopic anomaly in the Allende meteorite, 1 - attributed 
to in situ decay of 26 A£, will be discussed. 

*Work supported by the U. S. Department of Energy. 

^T. Lee, et al., Geophys. Res. Lett. 3, 109 (1976); and 
Astrophys. J. 211 , L107 (1977). 
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I SESSION EF: HEAVY-IONS: THEORY 
Tuesday afternoon, 29 April 1980 

Annapolis Room, Sheraton Washington Hotel at 2:00 P.M. 

K. McVoy, presiding 

EF 1 A comparison of Heavy-Ion Transport Theories in a 
Dynamical Model. G. J. MATHEWS, Caltech; J. RANDRUP, and 

L. G. MORETTO, LBL—The evolution of heavy-ion collisions 
experiencing one-body forces is studied by the method of 
direct dynamical simulation. The average trajectory of 
the macroscopic degrees of freedom and their dispersions 
are derived by following a large number of collisions. 

The validity of describing the collision in terms of an 
average trajectory is discussed, along with a comparison 
with the results of TDHF theory. The model is finally 
applied to compare various proposed transport theories 
within a single dynamical framework. 


EF 2 The Role of Shape Deformations and Thermal Fluc¬ 
tuations in Strongly Damped Collisions .* S. SAMADDAR, D. 
SPERBER, and M. ZIELINSKA-PFABE, Dept, of Physics, 
Rensselaer Polytechnic Institute , Troy, NY and M.I. SOBEL 
Dept, of Physics, Brooklyn College , Brooklyn, NY—We con¬ 
sider the effect of thermal fluctuations in a classical 
model of deep inelastic scattering. In the classical 
model 1 the deep phase is parametrized by shape degree of 
freedom, allowing for neck formation^stretching and mass 
transfer, followed by scission or fusion. Frictional 
forces lead to a non-zero temperature. For narrow dis¬ 
tributions about the classical path one can solve the 
Fokker-Planck equation for the widths, we determine the 
time dependence of the first and second moment by solving 
linear differential equation using the suggestion of Ngo 
et al. 2 Summing over impact parameter, we find distribu¬ 
tions in angle, energy and final mass, for Kr and Xe 
reactions in good agreement with experiment. 3 

* 

Supported by U. S. Department of Energy. 

1. S.K. Samaddar et al., Nucl. Phys., in press. 

2. C. Ngo and H. Hofmann, Z. fttr Physik A282, 83 (1977). 

3. K.L. Wolf et al., Phys. Rev. Lett. 33 (197*0 1105; 

J.R. Huizenga et al., Phys. Rev. Lett. 37 (1976) 885 . 

EF 3 

Microscopic Derivation of Heavy-Ion Optical 
Potential. * T. IZUMOTO, Texas ASM U.* *, S. KREWALD, 

IKP der KFA, Jtilich , and A. FAESSLER, Tttbingen U., 

Germany .—The heavy-ion optical potential is derived 
from the Reid's soft-core interaction. The Bethe- 
Goldstone equation in k-space is first solved for two 
colliding systems of nuclear matter. The Fermi distri¬ 
bution is assumed to consist of two spheres separated 
by the relative momentum Kr, which is a high excited 
state of nuclear matter. The potential energy density 
is found to be complex. Secondly the heavy-ion poten¬ 
tial is evaluated using the energy-density formalism. 

The two heavy ions are described by an anti-symmetrized 
cluster wave function with the relative momentum per 
nucleon Kr. The potential energy-density is associated 
with the one from the above calculation so that both the 
volume elements in the finite and the infinite systems 
have the same nucleon and kinetic energy densities. 

This method is applied to the 16 0 + 16 0, 40 Ca + 16 0 and 
4cl Ca + 4 ^Ca potentials. Both the real and imaginary 
parts of the heavy-ion optical potential are found to 
increase with increasing incident energy. 

*Submitted by K. NAGATANI. 

♦♦Supported in part by the National Science Foundation. 


EF 4 Generating Optical Model Potentials for Elastic 
Scattering of Heavy Ions through Potential Inversion.* 

R.J.W. HODGSON, Univ. of Ottawa .— Optical potentials 
have been generated for heavy ion scattering by 
inverting the corresponding scattering function 1 ' . 

The latter is parametrized in terms of background and 
pole terms. This approach has been applied to a 
number of reactions where back-angle enhancement has 


been observed. Resulting fits and potentials are 
compared with standard optical model fits. 

♦Work supported in part by NSERC. 

^R. Lipperheide and H. Fiedeldey, Z. Physik A 286, 
45, (1978). 

2 

V.V. Malyarov, I.V. Poplavskii and M.N. Popushoi, 
Sov. Phys. JETP 41, 210 (1975) . 


EF 5 TDHF Studies of the Reaction 16 0 + 93 Nb at E, , = 

___ lab 

204 MeV* . K.R. SANDHYA DEVI, Calif. Inst, of Tech .. M.R. 
STRAYER, Yale Univ ., K.T.R. DAVIES, Oak Ridge National 
Lab ., and J.M. IRVINE, Univ. of Manchester .—TDHF calcu¬ 
lations are presented for l6 0 + 93 Nb collisions in which 
the degrees of freedom perpendicular to the reaction 
plane are held constant in time. At an energy E-^^ = 204 
MeV, calculations of the total reaction, fusion, and 
strongly-damped cross sections are compared with experi¬ 
ment. The fusion cross section arises from entrance 
channel angular momenta which are intermediate between 
grazing and nearly-head-on collisions. In the nearly- 
head-on, strongly-damped trajectories, the projectile¬ 
like fragment "passes through" the target-like fragment. 
These features are discussed in relation to a general 
understanding of TDHF fusion in head-on collisions. 

* 

Research sponsored jointly by the U.S.D.O.E. under con¬ 
tract W-7405-eng-26 with Union Carbide Corp. and con¬ 
tract EY-76-C-02-3074 with Yale Univ., and by the 
National Science Foundation under contract PHY77-21602. 


EF 6 TDHF Fusion in Head-On Collisions of 86 Kr + 139 La 
and 84 Kr + 2Q9 B j *. K.T.R. DAVIES, Oak Ridge National 
Lab ., K.R. SANDHYA DEVI, Calif. Inst, of Technology , and 

M.R. STRAYER, Yale Univ .—TDHF fusion is studied for 
head-on collisions of 86 Kr + 139 La and 84 Kr + 209 Bi. The 
fusion behavior for these systems is more complicated 
than previously realized. There is a low-energy region 
just above the Coulomb barrier where fusion-like behavior 
is observed, with the ions coalesced for very long times 
0- 4-10 x 10" 2 -*- sec). Then for both systems one finds a 
higher energy fusion region in which the coalesced shape 
appears to persist indefinitely, although scission could 
occur for times greater than 1-2 x 10“ 2 ^ sec. 

* 

Research sponsored jointly by the U.S.D.O.E. under con¬ 
tract W-7405-eng-26 with Union Carbide Corp. and con¬ 
tract EY-76-C-02-3074 with Yale Univ., and by the 
National Science Foundation under contract PHY77-21602. 


EF 7 Semiempirical Determination of Nuclear Momentum 
Distribution . CHEUK-YIN WONG, ORNL* .—In relativistic 
heavy-ion reactions, the proton-inclusive spectrum at 0° 
and 180° comes mainly from a direct fragmentation process 
in which the proton is emitted from the parent nucleus 
without further scattering and, hence, conveys important 
information on the momentum distribution of a nucleon in 
a nucleus. Furthermore, as the proton can carry much of 
the momentum of the nucleus in a cooperative manner, 
relativistic heavy-ion reactions allow one to extract the 
high momentum tail of the nuclear momentum distribution 
which may not be obtained by other means. Based on such 
a concept, we analyze the data of Anderson et al. 1 in 
terms of a combination of the direct fragmentation and 
the hard scattering 2 process. The extracted nuclear mo¬ 
mentum distribution in 4 He indicates the presence of 
nuclear correlation in the ground state of 4 He. A new 
scaling variable is also uncovered. 


Operated by Union Carbide Corp. for the U.S.D.O.E. 

^.M. Anderson, LBL Report No. 6969, 1977; L.M. Anderson, 
et al., LBL Report No. 9493, 1979. 

2 I.A. Schmidt and R. Blankenbecler, Phys. Rev. D15 , 332 

(1977). 
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EF 8 Predicted 16 0+ 28 Si Fusion Cross Sections Obtain¬ 
ed from Optical Potentials .* M. S. ZISMAN, Lawrence 
Berkeley Laboratory -- In recent years there has been 
considerable interest in comparing potentials obtained 
from fusion with those obtained via the more traditional 
approach of fitting elastic scattering data. Because 
there now exist both high-quality elastic data and fusion 
data for the 1 ^)+ 28 Si system, it is of interest to see 
whether the global potentials which fit the 1 ^)+ 28 Si 
elastic scattering are also capable of reproducing the 
fusion data. Using a simple sharp cut-off model for the 
fusion process, we find good agreement with fusion cross 
sections for both Woods-Saxon and proximity real poten¬ 
tials. By means of notch perturbation calculations, it 
is demonstrated that the 18 0+ 28 Si elastic data are 
sensitive to about the same radial region of the poten¬ 
tial as are the fusion data. For several other light 
heavy ion systems where no fusion data exist, we find 
good agreement between the S-wave barriers obtained from 
optical potentials and fusion barrier systematics. 1 

1 L. C. Vaz and J. M. Alexander, Phys. Rev. C 18., 2152 
(1978). 

* Supported by Nucl. Phys. Div. of U.S. D.O.E. under 
Contract No. W-7405-ENG-.48. 


EF 9 Dynamical Components in the Heavy-Ion Optical 
Potential , B. V. CARLSON and M. S. HUSSEIN*, U. of 
Wisconsin-Madison* and A. J. BALTZ, Brookhaven National 
Laboratory —The component in the heavy ion potential 
due to the Coulomb coupling to inelastic channels has 
been calculated using the on-energy-shell approximation 
for the intermediate channel Green’s functions. Closed 
form expressions including reorientation in the 2 + state 
and coupling to the 4* state are included in the elastic 
scattering calculations as a test of this general 
approach for coupling to higher states. Comparison with 
coupled channels calculations indicate the increasing 
importance of off-shell effects with increasing coupling 
strength. An analytical estimate of off-shell effects 
is presented. Limits on the range of validity of the 
optical potential approach are determined. 

+0n leave from the U. of Sao Paulo, S.P., Brazil 
♦Supported in part by the Tinker Foundation, the US-NSF, 
the CNPq-Brazil, and FAPESP-Brazil. 

♦♦Supported in part by Department of Energy under Con¬ 
tract No. DE-AC02-76CH00016. 


EF 10 Disintegration of a Hot Zone in Intermediate 
Energy Heavy Ion Reactions*, S.I.A. GARPMAN**, D.SPEKBER, 
M. ZIELINSKA-PFABE***, Rensselaer Polytechnic Institute , 
Troy, NY 12l8l —In heavy ion reaction complete equilibra¬ 
tion may not occur and a hot zone may be formed. Using 
mean field theory we show that for bombarding energies 
above about 40 MeV/A the binding energy of the nucleons 
in the zone vanishes. Therefore, in this case the zone 
may disintegrate completely and a high nucleon multi¬ 
plicity is expected. 

* 

Supported by U. S. Department of Energy. 

^Present address: NORDITA, Copenhagen 
^Permanent address: Institute of Nuclear Research, 
Warsaw, Poland. 


EF 11 Nucleon Emission Prior to Equilibrium in Heavy 
Ion Collisions .*, P. MOONEY, W. W. MORRISON. S. K. 
SAMADDAR, D. SPERBER and M. ZIELINSKA-PFABE**, Dept, of 
Physics, Rensselaer Polytechnic Institute , Troy, NY.— 

We assume that in the early stages of a heavy-ion reac¬ 
tion heat-localization rather than equilibration occurs. 
We determine nucleon emission from a heated region local¬ 
ized around the point of contact of the ions. The re¬ 
gions temperature is determined from the known dissipa¬ 
ted energy. Refraction at the nuclear surface and 
barrier penetration for protons are included. The cal¬ 
culation was performed by integrating over impact para¬ 
meters. The energies and angular distribution for the 


reaction 1 16 0 + 197 Au agree very favorably with experi¬ 
ment . 

# 

Supported by U. S. Department of Energy. 

On leave from Institute for Nuclear Research, Warsaw, 
Poland. 

1 . J. J. M. Symons et al., LBL-8379 (1978). 


EF 12 Parametrization of EFR-DWBA Overlap Integral for 
Reactions Induced by Heavy Ions.* D. PRICE, T. UDAGAWA, 
and T. TAMURA, Unlv. of Texas .**—In a few recent 
publications, we successfully fit continuum spectra of 
a variety of heavy-ion induced reactions. The tool 
used was the exact-finite-range DWBA method. In order 
to make the calculations feasible, we used properly 
parametrized DWBA overlap integrals. The accuracy of 
the parametrized amplitudes was well tested, and this 
method turned out to be extremely powerful. In order 
to be able to extend the application of this approach, 
however, we must further be able to parametrize higher 
order DWBA amplitudes, and it is what we are now 
engaged in. Results fitting double humped spectra, and 
polarization of residual nuclei will be presented. 

♦Submitted by D. PRICE 
♦♦Work supported in part by USEOD. 
x. UDAGAWA, T. TAMURA, Proc. of Intern. Symposium on 
Continuum Spectra of Heavy Ion Reactions, San Antonio, 
(1979), to be published. 


EF 13 A Nuclear Surface Wave Interpretation 
of Quasmolecular Orbiting in Heavy-Ion Colli- 

sions. Ameenah R. Fafhan and H. tiberall. 

Catholic University, Washington, DC 20064 *, 

Olga Dragun and E. Maqueda Comisi6n Nacional de 
Enerqia Atomica, Buenos Aires . — The gross 
structure oscillations recently observed in 
heavy-ion elastic or inelastic scattering and 
fusion cross sections are indicative of quasi- 
molecular (barrier) resonances 1 . On the basis 
of a Watson transformation, this series of reso¬ 
nances may be analyzed in terms of nuclear 
surface (creep) wave resonances, or Regge pole^. 
Their dispersion curves characterize these waves 
as being of Rayleigh type in some cases, and of 
Whispering-Gallery type in others, using 
concepts developed in the scattering theory of 
classical Acoustics^. (Supported by the NSF) 

1. S.K.Korotky, et al. Phys. Rev. C20 ,1014(1979) 

2. A.Farhan, et al. Nucl. Phys. A305 , 189 (1978) 

3 - ffi^fctpAcoSIifci ¥§T? s (i§7^?? ustics ' 


EF 14 The Scattering Matrix of Heavy-Ion Collisions in 
the Time Dependent Mean Field Approximation. Y. ALHASSID 
and S. E. KOONINt, Caltech* '—The Time-Dependent Hartree- 
Fock theory and other mean field theories cannot present¬ 
ly be used to estimate detailed cross-sections. This is 
due to the asymptotic behavior of the single determinan- 
tal wave functions, which causes the S matrix to be time- 
dependent. To overcome this problem, we derive a time- 
independent expression for the S matrix in a time depen¬ 
dent mean-field approximation, obtained by applying the 
stationary phase approximation to a functional integral 
expression for the exact many body propagator. The rela¬ 
tive motion of the two colliding nuclei is described by 
a classical trajectory while each nucleus is character¬ 
ized by a Slater determinant. Both the potential for the 
relative motion and the mean field for the evolution of 
the single-particle wave functions are determined self- 
consistently. Mean fields also govern the preparation 
and detection of the initial and final states, respect¬ 
ively. We illustrate the method and its range of valid¬ 
ity in an exactly solvable model: scattering from a Lip- 
kin nucleus. Feasible applications to more realistic 
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atomic and nuclear problems will also be discussed. 
“^Alfred P. Sloan Foundation Fellow. 

^Supported by the National Science Foundation [PHY76- 

83685]. 


( SESSION EG: NEUTRON INDUCED REACTIONS 
Tuesday afternoon, 29 April 1980 
Rockville Room, Sheraton Washington Hotel at 2:00 P.M. 

M.L. Stelts, presiding 

EG 1 Neutron Time-of-Flight Spectroscopy for States 
Near 1 MeV in~ 2 '^Th and J.D. MENACHERY, J.J. EGAN, 

G.H.R. KEGEL, A. MITTLER, D.J. PULLEN, J.H. CHANG and 
J.C. SHAO* *, Univ. of Lowell* *—Excited states above the 
ground state rotational band in 232 Th and 238 U have been 
studied via the neutron time-of-flight technique. The 
neutron groups in the spectra correspond to states in the 
700-1100 keV region of excitation where the level density 
is fairly high. An overall resolution of 15 keV has been 
achieved with the spectrometer which is optimized for de¬ 
tection of 250 keV neutrons. This allows us to study the 
neutron scattering cross sections by direct neutron ob¬ 
servation as a complement to our (n,n'y) measurements. 
Factors contributing to the energy spread and methods of 
minimizing this spread will be discussed. 

* Visiting Scholar from the People's Republic of China. 

** Work supported in part by the United States Department 
of Energy. 

EG 2 Measurement of the Neutron Capture Cross Sections 
of 157 Au from 0.1 to 1.0 MeV] ZHU SHENG YUNt CHEN YING, 
LUO DE XING, JIANG SONG SHENG, Inst, of Atomic Enel*gy, 
Academica Sinica, Beijing , China.—Neutron capture cross 
sections for the 197 Au(n,y) 198 Au reactions have been 
measured from 0.1 to 1.0 MeV using the activation method. 
Neutrons were produced by the T(p,n) 3 He reaction with 
beams from the IAE Van de Graaff accelerator. Neutron 
fluxes were determined with hydrogen-filled proportional 
counters. The samples were in the form of thin metal 
foils. A Nal scintillation counter, absolutely calibra¬ 
ted using the 4^3 -y coincidence counting technique, was 
used to detect the activities produced after irradiation. 
Scattering corrections were made through the use of the 
Monte Carlo method. Corrections were also calculated for 
the geometrical effects of finite source and sample width 
and thickness on the energy resolution. The results are 
compared with those of other authors. 

"t" Present address: Physics Dept., SUNY-Stony Brook, N.Y. 
Submitted by D.B. F0SSAN. 

EG 3 EO Transitions in 232 Th and 238 U . C. CIARCIA, 
G.P. COUCHELL, J.J. EGAN, J.D. MENACHERY, A. MITTLER and 
W.A. SCHIER, Univ. of Lowell* —Theoretical considera¬ 
tions as well as experimental measurements of branching 
ratios 1 ' 2 indicate that EO transitions can be appreciable 
in actinide nuclei. Branching ratios for 0 + -»0 + transi¬ 
tions (in competition with 0 + -*-2 + transitions) are poorly 
known in 232 Th and 238 U, and recent Coulomb excitation 
measurements 2 suggest possible overestimates in some of 
the earlier EO determinations. We will report on esti¬ 
mates of EO strength in these nuclei by comparing cross 
sections obtained in (n,n'y) measurements with (n,n') 
level cross sections determined by the neutron-time-of- 
flight method. Computer-assisted stripping of the neu¬ 
tron time-of-flight spectra is required to obtain indivi¬ 
dual level cross sections for most cases of interest. As 
a rule this method is sensitive to EO branching ratios of 
20% or larger. 

*Work supported in part by the U.S. Department of Energy. 

1. M.R. Smorak, Nuclear Data Sheets 20, 165 (1977). 

2. Y.A. Ellis, Nuclear Data Sheets 21, 549 (1977). 

3. D.K. Olsen et al., ORNL/TM-6832 (1979). 

EG ^ Neutron Scattering and Spin Assignments in 

198 Pt .* S. W. YATES, M. C. MIRZAA, J. L. WEIL, and M. T. 
McELLISTREM, University of Kentucky —Definite spin as¬ 
signments to the 2 + and 4+ members of the two-phonon 


triplet of 198 Pt were made in a recent (n,n'y) study, 1 
but the 0 + level cannot be assigned from y-decay. A 
level proposed to be 0 + was found at 914.5 KeV in an 
198 Ir decay study. 2 At low neutron energies, where scat¬ 
tering is dominated by compound-system processes, a very 
strong asymmetry is the special signature of a 0 + level. 
Observation of scattered neutron angular distributions 
for an incident energy of 1.7 MeV gives a definite 0 + 
assignment' to the 914.5 KeV level, as well as providing 
well defined asymmetries which confirm assignments to 
other members of the two phonon triplet. Measurements 
were done with a 4.8 gm powdered metal sample enriched to 
96% in 198 Pt. A neutron time-of-flight spectrometer with 
a flight path of 2.68 m was used to separate neutrons 
to different levels. 

*Supported in part by the National Science Foundation. 

1 S. W. Yates, A. Khan, and M. Mirzaa, Bull. Am. Phys. 

Soc. 24, 836 (1979). 

2 F. J. Schweden and N. Kaffrell, Report BMBW-FBK72 (1972). 


EG 5 
from 


194 


Collective Excitations in Neutron Scattering 

Pt.* M. C. MIRZAA, J. P. DELAROCHE,t S. W. 


YATES, J. L. WEIL, and M. T. McELLISTREM, University of 
Kentucky —Differential cross sections for neutron scat¬ 
tering from levels of 194 Pt were measured at 2.5- and 
4.55-MeV incident energies using the U.K. time-of-flight 
neutron spectrometer. The scattering sample was pow¬ 
dered metal contained in polyethylene containers for 
elastic scattering measurements, and in Ni containers for 
inelastic scattering. The 0.2 mole sample was enriched 
to 97% in 19 ^Pt and mounted 8.4 cm from the neutron 
source, the T(p,n)3He reaction in a T-gas cell. The 
cross sections, after corrections for sample-size ef¬ 
fects, were interpreted in a coupled-channels, collective 
excitation model which included excitations in both the 
ground and y-bands. Excellent fits to the measurements 
were obtained, showing strong coupling to the first and 
second 2 + states at both 2.5 and 4.55 MeV. At 2.5 MeV 
incident, compound system cross sections were also im¬ 
portant. 


*Supported in part by the National Science Foundation. 
tPermanent address: C.E.B. Ill, B.P.561, 92542 Montrouge, 
Cedex, France. 


EG 6 Ring Geometry Measurements of 238 U(n,n') for 
E m <200 keV. K. TRAEGDE, W.A. SCHIER, G.P. COUCHELL, 

G.H.R. KEGEL, D.J. PULLEN and J. MOYLE, Univ. of Lowell* * 
—The feasibility of using a ring geometry for E n <200 keV 
in measuring scattered neutrons from the first excited 
state (45-keV) of 238 U is studied. Advantages of a con¬ 
ventional forward geometry (0<9O°) and an innovative back- 
angle geometry (0>9O°) are investigated through computer 
simulation and measurement. Aspects of the target assem¬ 
bly, target fabrication, shadow-bar design, background 
suppression and choice of detector will be discussed. 
Measured spectra in both geometries and at several ener¬ 
gies will be presented. 

*Work supported in part by the United States Department 
of Energy. 


c/ ' Polarization for Neutron Elastic Scattering from 
54 Fe, 65 Cu, and Pb at 10 and 14 Mev. C.E.Floyd, >P.P. Guss, 
R.K. Murphy, S.A. Wender, R.C. Byrd, R.L. Walter, Duke 
Univ. and TUNL * and T.B. Clegg, Univ. of North Carolina 
and TUNL .—Angular distributions of the analyzing power 
A (0) for neutron elastic scattering from 54Fe and 65cu 
have been measured in 10° steps from 25° to 155° at 10 
MeV and at forward angles at 14 MeV. The measurements 
utilized the 2 H(d,n) 2 He reaction as a neutron source, 
the new pulsed polarized deuteron facility, and time-of- 
flight techniques. Multiple-scattering corrections have 
been applied to the data. Final statistical errors are 
typically better than 0.05. The anomalously large 
small-angle analyzing powers reported by Galloway and 
Waheed 1 ) at 14 MeV for Cu and Pb were not observed in the 
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present work. Preliminary optical model predictions will 
he compared to the data. 

*Supported in part by the U.S. Department of Energy. 

1) R.B. Galloway and A.Waheed, Phys. Rev. C19, 298 (1979) 


EG 8 Double Differential Neutron Emission Spectra For 
Iron* . A. BEYERLE, S. EL-KADI, C. GOULD, C.E. NELSON, 

F.O. PURSER, W. SEAGONDOLLAR, and R.L, WALTER, Triangle 
Universities Nuclear Laboratory and North Carolina State 

University and Duke University .—Neutron emission spectra 
have been measured 1 ) for iron at incident neutron energies 
of 7.5-, 10—, and 12-MeV. Approximately 5 angles have 
been measured for each incident energy covering the range 
45-145°. Data have been obtained down to less than 
500 keV emitted neutron energy. The experimental method 
will be discussed. Data corrections include the effects 
of finite geometry, multiple scattering and source gas 
break-ups. Procedures for evaluating these corrections 
will be discussed and cross sections will be presented. 

* Supported in part by U.S. Department of Energy. 

1. A. Beyerle et al., Bull. Am. Phys. Soc. 24_ (79) 866. 

EG 9 238y Neutron Inelastic Scattering at 82 keV .* 

R. R. WINTERS, Denison University , G. L. MORGAN, Los 
Alamos Scientific Laboratory , R. L. MACKLIN, D. K. 

OLSEN, J. A. HARVEY and N. W. HILL, Oak Ridge National 
Laboratory . — Knowledge of inelastic neutron scattering 
important for fast reactor design, par¬ 
ticularly the threshold cross section to the first- 
excited 2 + level at 45 keV. Consequently, we have mea¬ 
sured as a function of angle the ratio of the 2 + inelas¬ 
tic yield to the elastic yield using 82-keV "window" 
neutrons produced from the ORELA flux filtered through 
^30 cm of iron. Au and 238g samples were employed at a 
^ m flight path. Scattered neutrons were detected 
0.406 m from the samples with a NE-110 scintillator 
viewed by three photomultipliers in coincidence. The 
yield ratios were determined with the aid of the elastic 
line shape from the Au sample and have been corrected 
for the combined effects of elastic anisotropy and 
multiple scattering. With this ratio and the accurately 
known total cross section, the inelastic cross section 
at 82 keV was determined. 

*The research was sponsored by the Division of Nuclear 
Sciences, U.S. Department of Energy, under contract 
No. W-7405-eng-26 with the Union Carbide Corporation. 


EG 10 Comparison of Neutron Total Cross Section Mea¬ 
surements with Optical Model Predictions from 2 to 80 
Mev.* D. C. LARSON, D. M. HETRICK and J. A. HARVEY, Oak 

Ridge National Laboratory . — We have recently measurecT 
transmission of neutrons through samples of polyethyl¬ 
ene, C, 0, Aa, Si, Ca, Cr, Fe, Ni, Cu, Au and Pb for use 
in shielding design studies for the Fusion Material 
Irradiation Test (FMIT) facility. The energy range 
covered was from 2-80 MeV. The measurements were made 
at the Oak Ridge Electron Linear Accelerator (ORELA) 
using the Be block target and the 80-m flight path. 
Results from these measurements will be compared with 
predicted total cross sections obtained from standard 
optical model parameter sets. In particular, results 
will be shown for the Becchetti-Greenlees and Wilmore- 
Hodgson parameter sets, as well as selected "best-fit" 
sets for some of the materials. Comparison of the pre¬ 
dicted total cross section with measured values will 
provide guidance as to the choice of the best set as a 
function of mass and energy range for use in shielding 
calculations. 

♦Supported by the Office of Nuclear Energy Programs, 
USD0E Contract No. W-7405-eng-26 with Union Carbide 
Corporation. 

EG 11 32$ + n spectroscopic Factors and Neutron 

Widths for Unbound States Below 9700 KeV.* R. R. 
WINTERS, Denison University and C. H. JOHNSON, Oak 
Ridge National Laboratory . — Spectroscopic factors 


and neutron widths for five s^/ 2 » seven Pi/ 2 » eight 
P 3/2 and eight d$/2 resonances in 3 *s + n over the 
incident neutron energy range 25-1100 keV will be pre¬ 
sented. The factors are derived from an R-matrix ana¬ 
lysis of the total neutron cross section measured at 
the Oak Ridge Electron Linear Accelerator (ORELA). 
Comparisons with the ORELA results are made for 
spectroscopic factors, neutron widths and excitation 
energies deduced by Liljestrand et al.* from (d,p) 
stripping to states in the same unbound region of 33 S. 
Neutron widths and factors for assigned z=2 states 
obtained with the relatively poorer resolution in the 
(d,p) data show poor correlation with those for the z=2 
states from the high resolution ORELA data. 

*R. Liljestrand et al. Phys. Rev. Cll_, 1570 (1975). 

♦Work supported by U.S. DOE contracts with Denison Uni¬ 
versity and Division of Nuclear Sciences under con¬ 
tract No. W-7405-eng-26 with the Union Carbide 
Corporation. 

EG 12 The 34 S(n,y) Reaction with Thermal Neutrons.* 

R. F. CARLTON^ and S. RAMAN, Oak Ridge National Labora^ 
tory , and E. T. JURNEY, Los Alamos Scientific Labora¬ 
tory — As part of a systematic study* of the stable 
isotopes of sulfur with thermal neutron capture, we 
have investigated in great detail, at the Los Alamos 
thermal neutron capture y-ray facility, the energy 
levels of 33 S populated in the 3 ^S(n,y) reaction using 
an enriched sulfur target. Approximately 60 y rays 
have been incorporated into a level scheme with 24 
excited states. Primary y rays populate 10 of these 
levels and account for 100 % of the capture cross sec¬ 
tion. Branching ratios have been obtained and the 
neutron separation energy was determined to be 6986.10 
± 0.15 keV. 

♦Research sponsored by the Division of Nuclear 
Sciences, U.S. Department of Energy, under contract 
No. W-7405-eng-26 with the Union Carbide Corporation 
and with the University of California (LASL). 

"^Middle Tennessee State Univ., Murfreesboro, TN 37132. 
*R. F. Carlton, S. Raman and E. T. Jurney, Bull. Amer. 
Phys. Soc. 24, 818 (1979). 

eg 13 Nu cle ar L e v el Pensi .ti^S-i. n , , 207 Pb .* D. J. horen, 
J. A. HARVEY and N. W. HILL, Oak Ridge National Labora¬ 
tory . — High resolution neutron transmission and scat¬ 
tering measurements have been performed on 206pt> to 
examine the unbound level structure of 207pb. The data 
up to E n = 900 keV have been analyzed with multilevel 
R-matrix codes, and approximately 400 resonances have 
been assigned as s-, p- or d-wave. Plots of the accu¬ 
mulated s- and d-wave resonances as a function of neu¬ 
tron (or excitation) energy show considerable curva¬ 
ture. The density of 1/2* levels can be fit reasonably 
well using the constant temperature model. Parameters 
determined from such a fit fairly well predict the d- 
wave level density but grossly underestimate the p-wave 
level density. These results indicate a parity depen¬ 
dence of the nuclear level density for 20 'Pb. 

♦The research was sponsored by the Division of Nuclear 
Sciences, U.S. Department of Energy, under contract 
No. W-7405-eng-26 with the Union Carbide Corporation. 

EG 14 Capture Gamma-ray Studies in the * 73 Yb(n.y) 174 Yb 
Reactions .* 0. SHAHAL, S. RAMAN and G. G. SLAUGHTER, 

Oak Ridge National Laboratory . — The individual gamma 
ray spectra fol\owing neutron capture in 49 resonances 
from an enriched * 73 Yb target were studied in the energy 
range from 17.6 to 782 eV. Spin assignments for the 
resonance states were deduced by considering the inten¬ 
sities of suitable y lines obtained from deexcitation of 
3 low energy states. We evaluated the correlation coef¬ 
ficients between partial radiative widths and neutron 
reduced widths for the 20 J = 2 resonances and find that 
one resonance, at 31.39 eV, causes the high correlation 
coefficients. Comparison was made with previous work 
where non-statistical effects* were reported. The lower 
part of the energy level scheme confirms the data of J. 
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Larysz. 2 Nine new high energy levels were located in 
the level scheme. 

*The research was sponsored by the Division of Nuclear 
Sciences, U.S. DOE, under contract No. W-7405-eng-26 
with the Union Carbide Corporation, 
is. F. Mughabghab, Non-statistical Effects in Neutron 
Capture, BNL-NCS-24249 (1978). 

2 J. Larysz, Thermal Neutron Capture Studies of 172 Yb, 
174 Yb, Thesis, Victoria University of Manchester, 1977. 


EG 15 2.5-60.MeV Neutron Total Cross Section Measuremerr 

H.S. Camarda, Penn State Univ., Delaware Campus— T.W. Phi 
and R. White, Lawrence Livermore Laboratory —Using the Lawr 
Livermore Laboratory lOOMeV electron linear accelerator ir 
junction with a 250 meter flight path we have measured at 
1-3/6 level the absolute neutron total cross section of 
and at the 1/3% level the relative cross sections '^Ce/ ,H0 
and /v/ Pr/ /Vo Ce. The samples were in oxide form. For the 
absolute cross section measurement an H^O sample with an e 
a lent amount oxygen formed the open. The effect of the Hv 
was unfolded analytically. For these measurements the net 
producing target was made of TaBe and the detector consi si 
16 independent plastic scintillators (25cmx25cmx5cm). The 
were cycled every 10 minutes. Optical model calculations 
been performed and the predicted cross sections will be cc 
with the experimental data. 

*Work supported by the U.S. Department of Energy 


I SESSION EH: WEAK INTERACTIONS II AND OTHER HIGH 
ENERGY PHYSICS 
Tuesday afternoon, 29 April 1980 

Ambassador Room, Shoreham-Americana Hotel at 2:00 P.M. 

G.B. Thompson, presiding 

EH 1 Storage. Rings as Neutrino Beam Sources . 

FRANCIS J. KELLY, A.W. SAENZ, and H. UBERALL, Naval 
Research Laboratory, Washington, DC 20375 .—Intense high 
energy neutrino beams for possible future communication 
applications and transterrestrial propagation studies 1 
may be generated by unconventional configurations of 
accelerators, targets, and particle decay paths. Present 
neutrino beam sources utilize 400m long straight decay 
tubes in which pions and kaons (produced by interaction 
of a proton beam with a target) decay to give a colli¬ 
mated neutrino beam. Because of time dilatation, usually 
only a small fraction of the highest-energy pions decay 
in such tubes. Recirculation of the surviving pions in a 
storage ring to pass successively through the same 
straight section could, despite the small (<vl%) momentum 
acceptance, lead to neutrino fluxes hardly less than with 
conventional accelerators, while at the same time requir¬ 
ing only relatively compact beam steering equipment capa¬ 
ble of simultaneous communication with various receiver 
sites. Storage rings equipped with magnets or with 
curved crystals which bend particles by channeling will 
be discussed. 

^.W. Saenz, H. Uberall» F.J. Kelly, D.W. Padgett, and 
N. Seeman, SCIENCE 198, 295(1977) 

EH 2 Measurement of F? (x,Q 2 ) for Associated 
Charm Production* ; G 0 D. GOLLIN, F.C» SHOEMAKER, 

P. SURKO, Princeton U, ; A.R. CLARK, K.J. JOHNSON, 

L.1o KERTH, S.C. LOKEN, T.W. MARKIEWICZ, P.D. MEYERS, 

W.Ho SMITH, M 0 STROVINK, W.A 0 WENZEL, LBL, Univ. of 
Calif,, Berkeley -, R.P. JOHNSON, C„ MOORE, M. MUGGE, 

RoEo SHAFER, Fermi lab — More than 10 5 events with 
two final-state muons have been observed using the 
475-ton Multimuon Spectrometer in the 215-GeV/c muon 
beam at Fermilab 0 From the data the total cross 
section for charm production has been extracted and 
a first measurement has been made of the charm struc¬ 
ture function Fj5 (x,Q 2 ) q These results will be pre¬ 
sented and compared with the predictions of quantum 
chromodynamics and various phenomenological models. 

The role of charm production in the rise of the 
photon-nucleon total cross-section and in the scale- 


noninvariance of lepton-nucleon scattering at low x 
will be discussed. 


* work supported in part by the U.S. DOE under con¬ 
tracts Nos. W-7405-Eng-48, EY-76-C-02-3072, EY-76-C- 
02-3000. 

EH 3 Derivation of an Upper Bound for the Electropro¬ 
duction R Ratio? E. M. HAACKE*^, Case Western Reserve Uni¬ 
versity . —We have obtained an upper bound for R in 
electroproduction by using positivity conditions on the 
neutrino structure functions and then relating the lepto- 
production structure functions through quark parton model 
ideas. We find at Q 2 = 4 GeV 2 that the data are well fit 
by this bound. This suggests that the upper bound becomes 
saturated at low values of Q 2 . In using the neutrino pro¬ 
duction data we have parameterised xF„ by F„ . . This 

3 2valence 

is shown to be a reasonable assumption down to Q 2 of 
1 GeV 2 . We conclude that R can be understood in both 
shape and magnitude in terms of well established struc¬ 
ture function relations coupled with the quark parton 
model. 

* Submitted by E. M. HAACKE. 

** Supported in part by NSF Grant No. PHY78-11629. 

EH 4 Inclusive Electron Detection in 17 GeV/c tt~p 
Collisions . E.S. CRANDALL, G. ABSHIRE, M. ADAMS, 

C. BROWN, L. CORMELL, G. DONALDSON, J. GOLDBERGER, H. 
GORDON, P. GRANNIS, B. MEADOWS, G.R. MORRIS, P. REHAK, 

J. STEKAS, Brookhaven National Laboratory . U. of Cin¬ 
cinnati , U. of Pennsylvania . S.U.N.Y. (Stony Brook) .— 

We have performed an experiment at the Multiparticle 
Spectrometer in a 17 GeV/c tt“ beam from the BNL AGS. 
Transition radiation detectors and lead-acrylic scin¬ 
tillator shower detectors were employed to identify 
electrons with good hadron rejection at the trigger 
level, with the aim of selecting associated charm pro¬ 
duction (D A c ) events and inclusive production of 
e e pairs. We present details of the experimental 
apparatus, with particular emphasis on electron/hadron 
discrimination. 

^Research supported by the U.S. Department of Energy 
and the National Science Foundation. 

EH 5 Inclusive e + e Pair Mass Distribution in 17 
GEV/c 7r~p Collisions? * J. STEKAS, G. ABSHIRE, M. ADAMS, 

C. BROWN, L. CORMELL, E.S. CRANDALL, G. DONALDSON, 

J. GOLDBERGER, H. GORDON, P. GRANNIS, B. MEADOWS, 

G.R. MORRIS, P. REHAK, Brookhaven National Laboratory , 

U. of Cincinnati , U. of Pennsylvania , S.U.N.Y. (Stony 
Brook). T —We present data on the mass distribution of 
directly produced e + e pairs up to 1.5 GeV/c 2 from in¬ 
clusive 7T~p collisions at P Lab = 17 GeV/c.* Pair ac¬ 
ceptance spansthe region from 0.3 <_ xj? <_ 1.0. A clear 
signal from p, w e + e” is observed, as well as a 
continuum of events below the p, m. Some, but not all, 
of these continuum e + e” pairs can be attributed to 
known sources such as r\ and w internal conversion 
decays. 

* 

Submitted by H. Gordon. 

^"Research supported by the U.S. Department of Energy 
and the National Science Foundation. 

^Preceding abstract. 

EH 6 Associated Event Topology in Inclusive e + e~ 
Production .* M. ADAMS, G. ABSHIRE. C. BROWN. L. CORMELL. 
E.S. CRANDALL, G. DONALDSON, J. GOLDBERGER, H. GORDON, 

P. GRANNIS, B. MEADOWS, G.R. MORRIS, P. REHAK, J. 

STEKAS, Brookhaven National Laboratory , U. of Cincin¬ 
nati , U. of Pennsylvania . S.U.N.Y. (Stony Brook) .— 

We present data on the structure of events in which an 
e + e”_pair of mass 0.1 <_ M ee <_ 0.6 GeV/c^ is produced"^ 
in tt p collisions at PLab = I 7 GeV/c. Solid angle 
coverage in this experiment is virtually complete for 
charged particles and photons. In particular, we ex¬ 
amine the associated multiplicity of charged particles 
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and photons, and show the invariant mass combinations 
of selected multiparticle states such as e + e~ y* 

Research supported by the u.S. Department of Energy 
and the National Science Foundation. 

^"Preceding abstract. 

EH 7 Inclu sive Muon Production at Petra Energies .i* PLUTO 
Collaboration*,--We report the measurement of the inclu¬ 
sive muon production with py > 2 GeV/c in e + e“ annihila¬ 
tion into hadrons at.center-of-mass energies /s = 27, 30 
and 32 GeV. There is no evidence for top quark produc¬ 
tion at these energies. The results can be understood 
via the proton and semileptonic decay of charm and bot¬ 
tom quarks. 

4 . 

!Supported in part by the U.S. Department of Energy 
‘Presented by K. Lau # 

* Physikalisches Institut der RWTH Aachen, Germany; 
University of Bergen, Norway, Deutsches Elektronen-Syn¬ 
chrotron DESY, Hamburg, Germany; Institut Fur Experimen- 
talphysik der Universitat Hamburg, Germany; University 
of Maryland, College Park, Maryland; Gesamthochschule 
Siegen, Germany, Gesamthochschule Wuppertal,) Germany. 

EH 8 D Meson Production in e + e" Annihilation.* 
SLAC-LBL MARK-II COLLABORATION, presented by MARK COLES, 
Lawrence Berkeley Laboratory .--The contribution of D 
meson production to the total hadronic cross section in 
e + e~ annihilation has been measured at center-of-mass 
energies from 3.8 to 6.6 GeV. At energies other thag 
4.16 GeV and 4.42 GeV (where D production is enhanced) 

R d is approximately 1. The momentum distribution of D 
mesons produced at 5.2 GeV center-of-mass energy has 
been measured and is roughly consistent with a phase 
space distribution of multiparticle events: e + e" + DD + mT 
with n>2. At the same center-of-mass energy the contri¬ 
bution of associated charmed baryon-charmed meson pro¬ 
duction to the total cross section is less than 0.3 nb. 

*Work supported in part by U.S. Department of Energy. 

EH 9* A Search for Fractionally Charged Particles at 
PEP . V. VUILLEMIN, D. BESSET, R. P. ELY, S. J. 
FREEDMAN, R. FRIES, B. GOBBI, W. GURYN, R. P. HAMILTON, 
F. A. HARRIS, I. KARLINER, A. M. LITKE, A. MARINI, D. H. 
MILLER, J. NAPOLITANO, S. I. PARKER, I. PERUZZI, M. 
PICCOLO, T. P. PUN, F. RONGA, M. T. ROSS, TAI-CHIEH 
WANG,^ D. E. YOUNT, Lawrence Berkeley Laboratory , 
Laboratori Nazionali di Frascati, Northwestern University, 

Stanford University, University of Hawaii.--We have 

constructed a detector to search for quarks, or any other 
fractionally charged particle, in e + e~ annihilations at 
PEP. The charges of the particles are computed from 
dE/dx and TOF measurements. The system consists of two 
arms covering a total solid angle of 1/3 of 4 tt sr; each 
arm includes eight layers of scintillation counters out 
of which four are equipped with TOF capabilities, four 
MWPC's to improve tracking and one layer of lucite 
Cerenkov. Thin scintillators and MWPC’s have been added 
close to the interaction region to help detect highly 
interacting particles. Resolution of the apparatus 
concerning quarks detection will be discussed. 

Supported in part by U.S. DOE Contract W-74505-ENG-48. 
‘'’Visitor from the HEP Inst, of Peking, China. 

EH 10 Properties of the First Three Upsilon 
States Observed in the CUSB Detector.* D. PE- 
TERSON, T. BOHHINGER, F. COSTANTINI, J. DOBB¬ 
INS, P. FRANZ INI, K. HAN, S. HERB, D. KAPLAN, 
L. LEDERMAN + , G. MAGERAS, E. RICE and J. YOH, 
Columbia U.; G. FINOCCHIARO, J. LEE-FRANZINI, 
G. GIANNINI, R. D. SCHAMBERGER Jr., M. SIVERTZ 
, L. SPENCER and P. M. TUTS, SUNY-Stony Brook 
— We have observed copious production of 
X(<v9500) , T ’ (^10,000) , and of the nev; state 
2 *" (y 10,300 ) in e + e“ annihilations at CESR. 

New results, from the non-magnetic detector, 


will be presented on the mass spacing, rela¬ 
tive yields and other properties of these 
resonances. 

*Supported in part by the National Science 
Foundation 
+Also at Fermilab. 

EH 11 Search for New States in e + e~ Annihila - 
tions at 10 GeV with the CUSB Detector.* P. M. 
TUTS, G. FINOCCHIARO, J. LEE-FRANZINI, G. GIA¬ 
NNI NI , R. D. SCHAMBERGER Jr., M. SIVERTZ and 
L. SPENCER. SUNY-Stony Brook; T. bShRINGER, F. 
COSTANTINI, J. DOBBINS, P. FRANZINI, K. HAN, S. 
HERB, D. KAPLAN, L. LEDERMAN + , G, MAGERAS, D. 
PETERSON, E. RICE and J. YOH, Columbia U. — 

We have used a non-magnetic detector to measure 
the hadronic cross section from e + e“ collisions 
at CESR around the bb threshold. Hadronic ev¬ 
ents are recognized by detecting both neutral 
and charged hadrons. Charged hadrons are iden¬ 
tified by five independent Q dE/dX measurements 
in Nal, neutral hadrons (ft , etc) via their de¬ 
cay into photons which shower in Nal and Pb 
glass counters. Results from this search will 
be presented. 

*Supported in part by the National Science 
Foundation 
+Also at Fermilab. 

EH 12 Photon Detection in the SLAC Hybrid Facili ¬ 
ty. * P. LUCAS, A. GOSHAW, W. ROBERTSON, 

Duke U. , W. BUGG, P. HARIDAS, A. ROGERS, U. 
of Tennessee , R. GEARHART, SLAC , C. SPENCER, 
Florida State U. --A large Pb-glass shower detector 
has been constructed to accompany the 40 M rapid cy¬ 
cling bubble chamber as part of the SLAC hybrid fa¬ 
cility. The detector consists of a Pb-glass 'active 
converter' followed by a hodoscope serving as vertex 
detector and finally a total absorption Pb-glass coun¬ 
ter. Most of this equipment was obtained from the 
'lead glass wall' of the SPEAR magnetic detector. 

The first experiment consisted of a 16 GeV/c tt + p 
exposure with emphasis on detection of high energy 
photons, ir °'s, and r| 0, s. This device will later be 
used as a photon and electron detector in photoproduc¬ 
tion experiments. Details of the construction, calibra¬ 
tion, and triggering will be presented, with particular 
emphasis on calibration. 

*Work supported by the U. S. Department of Energy. 
^LAC-PUB-2060, LBL-6466 December 1977. 

EH 13 Description of the Pressurized dE/dx 'System 
Used in the CLEO Detector.* J. S. POUCHER, M. S. ALAM, 

S. CSORNA, R. S. PANVINI, Vanderbilt Univ., R. EHRLICH, 

T. GENTILE, S. STONE, R. TALMAN, Cornell Univ.— 

The dE/dx system identifies particles by ionization 
loss. We describe its geometric, structural and 
electrical properties. This system is part of the CLEO 
detector in use at the Cornell Electron Storage Ring (CESR). 

*Supported by the National Science Foundation. 


EH 14 Results from the dE/dx System Used in the CLEO 
Detector.* T. GENTILE, R. EHRLICH, S. STONE, R. TALMAN, 
Cornell Univ., M. S. ALAM, S. CSORNA, R. S, PANVINI, 

S. POUCHER, Vanderbilt Univ. ,—We demonstrate the 
ability of the dE/dx system to identify hadrons and 
leptons. Specifically, we show the most probable 
ionization loss and the resolution on this measurement 
for various particle species as functions of their 
momenta. 

*Supported by the National Science Foundation. 
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I SESSION El: GALACTIC COSMIC RAYS I 
Tuesday afternoon, 29 April 1980 
Tudor Room, Shoreham-Americana Hotel at 2:00 P.M. 

M.A.I. van Hollebeke, presiding 

El 1 The Isotopes of Cosmic Ray Elements: Neon to 
Sulfur.* PHYLLIS S. FREIER, R.K. FICKLE, C.J. WADDINGTON 
and J.S. YOUNG, U. of Minn.—A balloon-borne detector of 
cosmic ray nuclei that measures the mass of nuclei by a 
Cherenkov—range technique has been used to study the 
isotopic composition of all the elements heavier than 
neon. After correction to the top of the atmosphere, we 
have compared our relative abundances with those deduced 
for a solar system-like source abundance propagated 
through the interstellar medium. We find that both Ne 
and Mg are characterized by a a * 0.5 amu and show a 
marked excess of neutron rich isotopes, in agreement with 
a recent report, 1 while A1 has isotopic abundances that 
do not differ significantly from those predicted by a 
standard model of propagation. The comparisons for Na, 

Si, P and S will be available by the time of the meeting 
and will be reported. These neutron excesses appear to 
be the first clear differences between the composition of 
the cosmic ray source material and the general ’cosmic' 
abundances. 

*Work supported by NASA under Grant NGR 24-005-050. 

X R»A. Mewaldt, J.D. Spalding, E.C. Stone and R.E. Vogt, 
preprint (1979). 


El 2 The Isotopes of Cosmic Ray Elements: Chlorine 
to Nickel.* R.K, FICKLE, PHYLLIS S. FREIER, C.J. 
WADDINGTON and J.S. YOUNG, U. of Minn.**—The same 
detector described in the previous abstract 1 has been 
used to study the heavier primary and secondary elements 
with Z 17. These results have appreciable statistical 
weight, with some 140 Ca-nuclei and 450 Fe-nuclei, but 
rather poor mass resolution, characterized by a a of only 
^ 0.6 to 1.0 amu between Ca and Fe. This is sufficient 
to reveal the principal features of the mass distributions. 
We find that of the primary elements Fe is predominantly 
56 Fe with at most only a few percent of 58 Fe and 54 Fe, 
while Calcium, on the other hand, has appreciable 
abundances of 40 Ca, 42 Ca and 44 Ca. The secondary 
elements generally have abundances at least consistent 
with those predicted from a solar system source and 
interstellar propagation. 

*Submitted by C.J. WADDINGTON. 

**Work supported by NASA under Grant NGR 24-005-050. 

Phyllis S. Freier, R.K. Fickle, C.J. Waddington and 
J.S. Young, Bull. APS (1980). 

El 3 The Isotopic Composition of Cosmic Ray Carbon, 
Nitrogen, and Oxygen Nuclei* . R.A. MEWALDT, J.D. 

SPALDING, E.C. STONE, R.E. VOGT, California Institute of 
Technology, Pasadena, CA — We report new high resolution 
measurements of the isotopic composition of cosmic ray 
carbon, nitrogen and oxygen nuclei, made with the Caltech 
Heavy Isotope Spectrometer on ISEE-3. These observations 
cover the energy interval from - 6 to ~ 140 MeV/nucleon, 
where a rms mass resolution of 0.1 to 0.2 amu is 
achieved. Previous observations have found that the 
elemental composition of quiet-time cosmic rays under¬ 
goes a sudden change below ~ 30 MeV/nucleon. We examine 
the energy dependence of the C, N, and 0 isotopic com¬ 
positions in an effort to gain new clues to the origin 
of these low energy particles. 

*This work has been supported in part by the National 
Aeronautics and Space Administration under contract 
NAS5-20721 and grant NGR 05-002-160. 


El 4 New Results on the Isotopic Composition of 
Galactic Cosmic Rays. M.E. WIEDENBECK, U.C. Berkeley 
Space Sciences Laboratory and D.E. GRElNEk, Lawrence 
Berkeley La'boratoy ♦ * 9rr: The U.C. Berkeley HKH experi¬ 
ment aboard the ISEE-3 spacecraft is providing data for 
high resolution studies of isotopic abundances of galac¬ 


tic cosmic ray nuclei. The latest results from these 
studies will be presented, including a new measurement 
of the abundance of the radioactive isotope 10 Be. This 
measurement, made with excellent mass resolution 
(Ovj < 0.2 amu) and good statistics (approx. 350 beryl¬ 
lium events), is used to address questions of the cos¬ 
mic ray lifetime, the density of the confinement vol¬ 
ume and the power requirements for cosmic ray accelera¬ 
tion mechanisms. 

**Supported by NASA under Contract NAS5-20995 and the 
Nuclear Physics Division of the U.S. Department of 
Energy under Contract W-7405-ENG-78. 


El 5 Is a Sample of Matter from Distant 
G a ieties Impinging on the Earth? LINSLEY, 

University of New Mexico. *--It is known that 
the pressure of optical radiation from the nu¬ 
clei of active galaxies will accelerate ambient 
dust grains to relativistic velocities, while 
causing them at the same time to become charged 
Such grains can be further accelerated by some 
of the processes that are supposed to generate 
ordinary cosmic rays. It has been shown that 


such grains, having kinetic energies in the 
range 10™ to 10™eV, can reach the earth's at¬ 
mosphere from distances of order 10 2 'cm without 
being destroyed enroute. Results will be given 
of an attempt to detect grains with energies 
greater than 10 18 eV, and methods of detecting 
the probably more abundant lower energy grains 
will be outlined. 


* Research supported by the National Science 
Foundation. 

El 6 Solar Modulation of Cosmic Ray Electrons.* 

PAUL EVENS0N and PETER MEYER, U. of Chicago— 

We report the results of a balloon flight from 
Thompson, Manitoba, on August 30-September 1, 1979, 
which continues a series begun in 1968 to measure 
the spectrum of cosmic ray electrons with energies 
up to 20 GeV. The flux of electrons below 2 GeV has 
dropped dramatically since 1977 and is at nearly the 
same level as it was in 1970, the lowest measured 
during the previous solar maximum. 

*Supported in part by NSF Grant ATM-77-04809. 


El 7 Observation of Galactic Cosmic Rays Between 1 
and 21 AU i n 1978-79 . F. B. MCDONALD', N. LAL\ J. H. 
TRAIN0R, M. A. I. VAN HOLLEBEKE/, NASA/GSFC and 
W. R. WEBBER, U. of NEW HAMPSHIRE, DURHAM— The enhanced 
modulation of galactic cosmic rays in 1978-79 associated 
with the onset of the current solar cycle has been 
observed at heliocentric distances ranging from 0.3 to 
21 AU. The combination of Pioneer 10, Voyager I and II, 
and Helios I and II provide a cosmic-ray network uniquely 
suited for such a study. The energetic particle detector 
systems on these missions are capable of measuring cosmic- 
ray helium spectra between 3 and 500 MeV/nucleon and 
protons between 3 and 200 MeV. Over this two year period 
the flux measured at Pioneer 10 has decreased by more 
than a factor of 2 over most of these energy ranges with 
larger changes at 1 AU. However preliminary studies 
indicate that the anomalous helium component is still 
present at Pioneer 10. Details of the intensity and 
spectral changes of both the hydrogen and helium compo¬ 
nents will be presented. 

*Also, Computer Sciences Corporation, Silver Spring, MD 
/University of Maryland, College Park, MD 

El 8 The Role of Particle Drifts in Modulation Theory. * 
M. A. LEE and L. A. FISK, U. of New Hampshire t—The role 
of curvature and gradient drifts in the solar modulation 
of galactic cosmic rays is discussed. Magnetic-field 
configurations are considered which have either large- 
amplitude fluctuations or fluctuations with systematic 
properties, as can be the case in interplanetary space. 

In particular, it is pointed out that the data is not 
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inconsistent with, and indeed there is reason to assume, 
a systematic twist to the field pattern. Such a config¬ 
uration should tend to reduce the importance of drifts. 

*Submitted by R. L. Kaufmann. 

tSupported by NASA grant NSG-7411 and NSF grant 
ATM7908353. 

El 9 Coherent Modes of Charged Particle Transport in 
Random Magnetic Fields, JAMES A. EARL, University of 
Maryland —The diffusive idealization, which underlies 
many current treatments of particle transport, results 
from the perturbation analysis of a nearly isotropic dis¬ 
tribution function. But observed fluxes of weakly 
scattered energetic particles propagating through the 
interplanetary medium are often highly anisotropic. 

Under these circumstances, a more appropriate starting 
point is the coherent idealization in which strongly 
anisotropic pulses of particles move in opposite direc¬ 
tions with velocities comparable to the particle velocity. 
The coupled differential equations that describe these 
coherent modes can readily be solved by repeated inte¬ 
gration. This formulation has the advantage that it 
accurately describes transport phenomena when scattering 
due to random fields and focusing due to converging 
guiding fields are both spatially inhomogeneous. 

El 10 Cosmic Ray Pressure and the Galactic Wind . 

FRANK C. JONES, NASA/GSFC- -Recent observations 1 indicate 
that the gas density in the galactic halo may be as low 
as 3xl0" 4 cm" 3 . The pressure of the galactic cosmic rays 
should accelerate this gas to a velocity V ^ 100 km s”* 1 . 
However cosmic ray studies indicate that this velocity 
should be about 2 8 km s" 1 or at any rate not greater 
than 3 20 km s" 1 . Including the effect of magnetic field 
line stretching yields a lower velocity but an unreal - 
isticly large field strength is required to bring it 
below the above limits. This indicates that the halo 
gas density may be greater than indicated if consistency 
of the above cosmic-ray considerations is desired. 


1 B. D. Savage and K. S. deBoer, Astrophys. J. 230 , 111 
(1979) 

2 F. C. Jones, Astrophys. J. 229 , 747 (1979). 

3 I. Freedman, M. Giler, S. Kearsey, and J. L. Osborne, 
M.N.R.A.S., in press (1979). 

El 11 Cosmic Ray Spallation Tracks in Minerals: A 
New Dating and Depthometric Tool . * C. L. BENNETT, 
Princeton U.— Short tracks (~lu) intermediate in 
length between Spontaneous Fission Tracks (SFT) (~15 - 
20 jit) and alpha-recoil tracks (~ 0.01 ju) have been 
observed and attributed to cosmic ray spallation events. 
Similar tracks have been observed previously, but were 
attributed to partially annealed SFT’s. In surface 
minerals the high density of short tracks relative to 
uranium concentration eliminates the possibility that 
they are annealed SFT’s. Since the density of these 
tracks is strongly depth dependent it may be used to 
glean information on the depth history of minerals, 
and at extreme depths may provide new limits on the 
stability of matter. 

*Work supported by N.S.F. Grant $PHY78-Ol473. 

El 12 Evidence for Non-Thermal Acoustic Pulses from 
Charged Particle Beams<,+* S. D 0 Hunter, W. V. Jones, and 
Do Jo Malbrough, Louisiana State U .; A. L. van Buren, NRL 
Underwater Sound Ref. Div c ; A. Liboff, Oakland U ,; To Bow¬ 
en and Jo Jo Jones, U Q Arizona ; J. Go Learned, U, Cali- 
fomia, Irvine; H. Bradner and L. Pfeffer, U. California , 
San Diego ; R 0 March and Uo Camerini, U. Wisconsin ,* The 
temperature dependence of acoustic signals produced by 
proton beams traversing water has been investigated at 
Brookhaven National Laboratory. A leading rarefaction, 
tripolar pulse was observed at 4 °C 0 The superposition 
of this tripolar pulse with the bipolar thermal pulse 
explains the earlier observation 1 of a null amplitude at 


6 °C instead of 4 °C. The tripolar pulse may be a space 
charge effect from the beam particles. 

^-Submitted by S. Do Hunter 

*Work supported in part by NSF, in part by DOE, in part 
by Research Corporation. 

1. L. R. Sulak et al., Nucl. Instrum. Methods 161 , 

203 (1979) 

El 13 Acoustic Signals from an Extended Laser Beam in 
Water.+* D 0 Jo Malbrough, S. D 0 Hunter, and W. V. Jones, 
Louisiana State University . A Q-switched ruby laser has 
been used to simulate acoustic signals from charged par¬ 
ticle beamso Both methods verify the predominant ther¬ 
mal source mechanism, while indicating the presence of 
other mechanisms. The additional sources are evident 
from tripolar pulses at temperatures near 4 °C where the 
thermal pulse would vanish. The characteristics of the 
tripolar pulse observed in this experiment are consis¬ 
tent with the formation of microbubbles or other mech¬ 
anisms that produce an initial rapid expansion of the 
water. The tripolar pulse would result if the medium 
returns to equilibrium in a time less than the sound 
transit time across the stressed region. 

+Submitted by D, J. Malbrough 

*Work supported in part by Research Corporation and in 
part by NSF. 


( SESSION EJ: PHASE TRANSITIONS AND MAGNETIC 
PHENOMENA 

Tuesday afternoon, 29 April 1980 

Richmond Room, Sheraton Washington Hotel at 2:00 P.M. 

J.R. Leibowitz, presiding 

EJ 1 Diffusion of Critical Fluctuations in a Binary 
Fluid .* H.C. BURSTYN and J.V. SENGERS, U. of Maryland . 
— The theory of dynamic critical phenomena predicts 
that the diffusion coefficient associated with the 
order-parameter fluctuations near the critical point 
should vanish asymptotically as D=RkT/67TTi£, where n 
is the shear viscosity, £ the correlation length and 
R a universal constant. Using light scattering tech¬ 
niques, we have made a careful experimental study of 
the constant R for the binary fluid 3-methylpentane- 
nitroethane close to the critical point. We find 
R«= 1.02±0.06 in good agreement with the prediction of 
the mode-coupling theory of critical fluctuations, but 
in disagreement with the value R/6ir = 1.2/6n - 1/5 tt, 
resently suggested by several investigators. 

* Research supported by NSF Grant DMR 79-10819 

EJ 2 Dielectric Constant Anomaly in a Nonpolar 
Binary Fluid Mixture Near its Critical Point" .* 

D.T. Jacobs, The College of Wooster and S.C. 

Greer, Univ. of Maryland .—Thermodynamic and 
statistical mechanical arguments predict that 
the static dielectric constant near a fluid 
critical point should diverge as the critical 
temperature is neared. Experimental evidence 
of this anomaly is scarce. We present new 
measurements of the static dielectric constant 
near the liquid-liquid critical point in a 
polystyrene + cyclohexane mixture, together 
with auxiliary measurements of the density in 
the same system. We do not observe a thermal 
expansion anomaly but do observe a small 
negative anomaly in the dielectric constant. 

We analyze the observed anomaly in terms of 
the predicted functional forms. 

^Supported in part by the Petroleum Research 
Fund administered by the American Chemical 
Society. 

EJ 3 Thermodynamics of the Nematic-Smectic A-Smectic 
C Multicritical Point. R.J. DEH0FF, D. BRISBIN, and 
D.L. JOHNSON, Kent"State U .*--High resolution a.c. 
microcalorimetry measurements of the specific heat near 
the nematic-smectic A-smectic C (NAC) multicritical 
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point of the binary system 4-n-gentylphenylthiol-4'-n- 
octyloxy (heptyloxy) benzoate (8S5 and 7S5) have 
revealed the thermodynamic characteristics of this 
special point which has been called a Lifshitz point by 
Chen and Lubensky.1 We will report on the nature of the 
specific heat pretransitional anomaly and discontinuity 
along the nematic-smectic C line in the region where 
this line approaches the NAC multicritical point. 

Results of these measurements will be compared with 
recent theoretical predictions of Swift and Mulvaney 2 
(based on the Chen and Lubensky model) as well as with 
the predictions of our own mean field Landau theory. 3 
*Research supported in part by the National Science 
Foundation. 

^J.-H. Chen and T.C. Lubensky, Phys. Rev. A14, 1202 
(1976). 

2 J. Swift and B.J. Mulvaney (preprint), to be published 
in J. Chem. Phys. 

3 D. Johnson et al, Phys. Rev. B16, 470 (1977). 

EJ 4 Effects of Surface Ordering on the Isotropic- 
Nematic Phase Transition . G.L. HENDERSON, D.L. JOHNSON, 
and D.W. ALLENDER, Kent State U .*--Using the de Gennes- 
Landau theory, the isotropic to nematic phase transition 
is examined for the semi-infinite system having a sur¬ 
face at z=0, and for the case of a planar sample of 
finite thickness. The profile of the nematic order as a 
function of temperature and distance from the surface 
is studied and the conditions for a continuous transi¬ 
tion are discussed. Further, the behavior near the 
transition of properties such as the optical retardation 
are examined. The relevance of these results to 
experimental data on films will be presented. 

♦Supported in part by National Science Foundation grant 
no. DMR79-06330. 


EJ 5 Two-Dimensional Structures of Argon 
Layers.*T .TSANG, Howard Univ.,Washington,D.C. 

—In two-dimensional argon layers,each argon 
atom is moving in the potential well formed by 
its six nearest neighbors. The free energy may 
be evaluated by a modified cell theory where 
cell size variations are given by a self-con¬ 
sistent condition.-1- The calculated lattice pa¬ 
rameters and atomic vibration amplitudes at 
various temperatures are in satisfactory agree¬ 
ment with neutron scattering data. 2 However,the 
liquid phase and the melting transition may be 
absent in idealized two-dimensional systems.For 
adsorbed layers,the presence of argon-substrate 
interaction would lead to a transition between 
commensurate and incommensurate lattices for 
argon on graphite near 50°K, in agreement with 
experimental observation. 2 
*Submitted by A.P.Batra. 

^T.Tsang,Phys.Rev.B20,3497 (1979) . 

2 H.Taub etal.,Phys.Rev. B16,4551 (1977). 

EJ 6 Muon Spin Rotation in Rare Earth Orthoferrites. 
A.B. DENISON, Dept, of Physics and Astronomy, Univ. of 
Wyoming , E... HOLZSCHUH, C. BOEKEMA, W. KUNDIG, P.F. 

MEIER, K. RUEGG, Physik-Institut, Universitat Zurich— 
Huon Spin Rotation (ySR) measurements have been made in 
a number of rare earth orthoferrites. The results of 
experiments as a function of temperature and external 
magnetic field are reported. The rare earth ortho¬ 
ferrites are anti ferromagnetic insulators which may 
also posses a weak ferromagnetic component. The 
magnetic properties and spin orientation show varied 
behavior as a function of temperature and external 
field. Particular emphasis is given to the measure¬ 
ments on ErFeOo and DyFeOo. The external field 
dependence on the observed muon precession frequency 
indicates the local magnetic field is related to the 
weak ferromagnetism in these materials. The magnitude 
of this field (~2 kg at room temperature), however, is 
anomalously large if assumed to originate from the 
electronic magnetic dipole field alone. The results 
are presented and discussed in relation to possible 


models which predict additional contributions due to 
the magnetic hyperfine field at the site of the muon. 

EJ 7 The &C.C Structure and Magnetization in the 
[l,l,l]-direction . C. E. MANDEVILLE and G. P. AGIN, 

Mich. Tech. U . — It is assumed that magnetic dipole 
moments of equal magnitude are distributed in space 
according to the j$CC. configuration. These magnetic 
moments are assumed to be parallel to one another in 
the [l, 1,Indirection. At any one given face centered 
dipole moment, the eighteen nearest parallel dipole 
arrays of infinite length provide a magnetic potential 
energy of -20.79 y 2 /a 3 , where a is the length of a side 
of the cube. The potential energy contributed to this 
dipole at the |(c-site by the "in line" infinite array 
of dipoles_^is -0.46 y 2 /a 3 so that a total field strength 
of +21.25 y/<£ 3 is provided. 

EJ 8 Self-Consistent Calculation of Hyperfine Fields 
at Impurity Sites in Ferromagnetic Host . P. JENA and 
M. MANNINEN, Michigan Tech *—The spin-density functional 
formalism is used to study the hyperfine field systema- 
tics of interstitial and substitutional impurities in a 
ferromagnetic host. Both the core and conduction elec¬ 
tron contributions.to the spin density at the impurity 
site are treated fully self-consistently. The unper¬ 
turbed conduction electrons of the host metal are approx¬ 
imated by plane waves, the initial polarization of which 
is generated by smoothing the host ion magnetic moments 
into a homogeneous magnetic field outside the impurity 
cell. A good qualitative agreement with experimental 
results is obtained for the hyperfine field systematics 
of both light impurities (H*•*Ne) and heavy impurities 
(Cd***Cs) in Ni. The inability of the mere jellium model 
to calculate the hyperfine field of y + in magnetic mate¬ 
rials is demonstrated. The effect of the muon zero point 
motion on the hyperfine field is discussed. 

*Work is supported by NSF 

EJ 9 Electron Spin Resonance in Cdt_ x Mn x Se . S. OSEROFF,* 
R. CALVO,* W. GIRIAT*, Instituto Venezolano de Investi- 
gaciones Cientificas (IVIC )and Z. FISK, IPAPS, UCSD .— 

We have performed electron spin resonance measurements 
in single crystals of Cd 1-x Mn x Se at 9 GHz between 1.6 
and 300K within a wide range of manganese content 
(0.0005^x^0.45). The temperature T c of the order-dis¬ 
order transition was obtained from the change of the 
giromagnetic factor and the broadening of the resonance 
linewidth with temperature. A discontinuity in the 
value of T c was observed at x-0.25 in agreement with a 
site percolation theory. 

*Supported in part by CONICIT, Venezuela. 

EJ 10 Proton Magnetic Resonance Study of Anodized Oxide 
Layer and Paper Spacer of Electrolytic Capacitors .* 

PRASAD K. KADABA, U. of Kentucky , and WILLIAM DOBBS, Air 
Force Materials Lab, Wright-Patterson AFB —The nature of 
adsorbed water in the anodized oxide layer and the paper 
spacer of electrolytic capacitors has been studied pri¬ 
marily through Nuclear Magnetic Resonance (NMR) measure¬ 
ments. Thermogravimetric analysis (TGA) of the anodized 
aluminum foil has also been carried out with a view to 
corroborate the NMR data. *H signal from the paper 
spacer is much stronger than that from the sealed 
anodized aluminum sample. The signal from the anodized 
sample shows a narrow peak and a doublet. The narrow 
peak is probably due to rapidly diffusing water molecules 
and the doublet due to immobilized water. The signal 
from the paper sample did not show any splitting and had 
a line width of 0.07 gauss. These and other results will 
be discussed. 

*Submitted by E.B. Bradley 

EJ 11 An Annealing Study of Indium-doped Silicon after 
Electron Irradiation *GE0RGE K 0 MINER, University of 
Dayton .—Indium-doped silicon has been electron irradi- 
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ated in fluences ranging from 10 16 to 10 17 electrons per 
square centimeter. An electron paramagnetic resonance 
line near g = 2 was observed at room temperature and at 
77 K. The intensity of the line was altered by the 
1 MeV-electron bombardment and by subsequent annealing. 
These measurements will be reported and discussed in 
light of possible models 0 

^Supported in part by USAF Office of Scientific Research 
and USAF Materials Laboratory. 

EJ 12 Quadrupolar Relaxation in Atomic Liquids.* 

M. S. Conradi, College of William and Mary , and C. M. 
Edwards and R. E. Norberg, Washington University— A 
simple gas-like model is used to describe the quadru- 
polar relaxation of nuclear spins in atomic liquids. 
Predictions of the model compare well with relaxation 
data in rare-gas liquids and also fit the weak tempera¬ 
ture dependence of quadrupolar relaxation in liquid 
metals and salts. Relaxation of ortho-H2 in rare-gas 
liquids also supports the model. Quadrupolar relax¬ 
ation in liquid metals and alloys recently has been 
discussed in terms of an integral over the dynamic 
liquid structure factor and a term describing the 
spatial variation of the electric field gradient. The 
success of the present simple gas model indicates that 
quadrupole relaxation is not a particularly sensitive 
probe of liquid dynamics. 

^Research supported in part under NSF DMR 78-10780 

1. W. W. Warren, Jr., Phys. Rev. A 10^, 657(1974). 

2. R. L. Havill, J. Marsden, and J. M. Titman, J. Phys. 
F: Metal Phys. 7, 2357 (1977). 

EJ 13 The Mossbauer Effect of 73 Ge in Cu Metal . LOREN 
PFEIFFER and T. KOVACS, Bell Laboratories, Murray Hill, 

N. J.—Mossbauer resonance was observed at 300°K between 
^Ge in a Cu source and a Ge absorber. The T^As parent 
activity was diffused^ into Cu foil at 800°C in H 2 gas. 
The source was velocity analyzed in y-ray transmission 
geometry with a 25 pm thick Ge(lll) crystal absorber 
grown 2 with 79% enriched 7 ^Ge. The resonance parameters 
are: effect * 3,2(.2)%, linewidth = 23.4(2.0) ym/sec 
FWHM, and transition energy (isomer shift) in Cu less 
than in Ge by 65,5(,5) ym/sec. The resonance area is 
consistent with the 6 D ■ 343°K literature value of Cu. 

The source linewidth is V3x broadened showing there 
exist inhomogeneities in the Ge sites in Cu, (Experi¬ 
ments with single crystal Cu are planned to clarify this 
broadening.) Copper becomes the first material for 
which a 7 ^Ge isomer shift has been measured. The value 
represents a shift of ^10 natural linewidths, suggesting 
that the sensitivity of the 7 ^As Mossbauer effect to 
chemical effects will lie in the convenient intermediate 
region between ^ 7 Fe and T®lTa, 

iWe thank Clara Bajgar, Spire Corp., Bedford, Mass, for 
helpful discussions and for making several early sources. 
2 Loren Pfeiffer, Phys. Rev. Letts, 3J3, 862 (1977). 


EJ 14 A Note on Core-Electron Polarization Measurements . 
B. Kolk, Boston U.* —Recently, an interesting method has 
been developed for measuring polarization of core elec¬ 
trons at nuclear sites. The principle of this technique 
is as follows: with the aid of the MBssbauer Effect two 
nuclear transitions, |j,m.> -> |j*,m,*>, for which 
M = m..* - mj is either ^ +1 or -1, are excited alter¬ 
nately. After a short period of time, the nucleus re¬ 
turns to its intial state most probably via internal 
conversion. The intensities, 1+ and I“ s of the ns 
conversion electrons, generated by the M = +1 and 
M = -1 decay, respectively, are measured. It Is then 
argued that because of conservation of angular momentum, 
the quantity A ns = (I+ s - I" s )/(I+ S + I~ s ) should 
represent the polarization, P ns , the ns contact 
electrons. In this talk it is shown that this is true, 
i.e. A ns = i P ns , only for Ml transitions. For all the 
other multipole transitions A ng <P ns . 

*Work supported by NSF Grant #DMR 77-19017. 

^ong, C.J. et al. Phys. Rev. JB9 (1974) 3854. 

EJ 15 Mossbauer Studies of Some Li and Te Containing 
Compounds . J. DENIER, W. BRESSER and P. BOOLCHAND, Uni¬ 
versity of Cincinnati .— 125 Te MSssbauer spectra of the 
listed compounds were investigated at 78K, using 
125 Sb/Cu source and the results are as follows: 

5(mm/s) A(mm/s) 

Cubic Li 2 Te -0.29(3) - 

Monoclinic Li TeO_ +0.49(4) 6.15(6) 

Li 2 Te0 4 -0.91(2) - 

Cubic Li 2 Te, having the antifluorite structure is per¬ 
haps one of the best examples of Te 2- , the closed shell 
configuration. A knowledge of the IS of Te 2- is funda¬ 
mental to an interpretation of 125 Te MSssbauer para¬ 
meters. During this work, it was found that cubic 
Li 2 Te readily photodissociates to yield a partially 
resolved doublet on 1 hr. exposure to incandescent 
light. Both by x-ray and Mossbauer measurements, the 
photodissociated product is identified to be t-Te. 

Further investigations show that the compound slowly 
oxidizes in air with the spectrum exhibiting a parti¬ 
ally resolved doublet. The nature of the oxidation 
products of Li 2 Te is, however, less reliably estab¬ 
lished although the presence of both Li 2 Te 03 and 
Li 2 Te0 4 is suggested by the Mossbauer data. 

EJ 16 Fe^Mossbauer Study of LaNi^gFe^ Hydride 
F.W. OLIVER, "Morgan 'State U.' "-- Several fiexagonai"rare- 
earth-transition intermctallic compounds absorb large 
amounts of hydrogen. Mossbauer data for LaNi^.^Fe^H 
using Fe5>7 will be reported and discussed. Results will 
be compared to previous experiments using rare earth 
Mossbauer isotopes. 

-K-lfljbrk supported by NSF 
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Contributed Papers 

EK 1 Molecular Dynamics of Shock Waves in Three- 
Dimensional Lennard-Jones Systems in the Solid Phase . 

G. K. STRAUB, B. L. HOLIAN, and R. E. SWANSON, 

Los Alamos Scientific Laboratory.*—Molecular dynamic 
calculations of shock waves in three-dimensional sys¬ 
tems have been done for particles interacting via a 
Lennard-Jones potential. The initial state of the sys¬ 
tem is in the fee solid phase at a finite temperature. 
The final state of the system is a bet solid, but 
at an elevated temperature. In addition to the main 
compressional wave, we observe a precursor wave asso¬ 
ciated with a finite shear stress. The amplitude of 
the precursor decays with the distance of travel of the 
shock. The shear stress is partially relieved by per¬ 


manent slippage along close-packed planes in the 
crystal that we identify with plastic flow. 

*Supported by the U.S. Department of Energy. 

EK 2 A Second-Order Generalization of the Korteweg- 
DeVries Equation .* J. TASI, S.U.N.Y., Stony Brook .**-- 
An analysis is made of the longitudinal response of a 
semi-infinite chain with a velocity disturbance at its 
end. Weak shock waves are considered with a long rise 
time specified at an end to achieve a shock velocity. 
Nonlinear force interactions of quadratic and cubic form 
are considered within the chain. A Korteweg-de Vries 
equation is obtained for the far-field response. The 
equation contains two stretched coordinates; one for the 
lowest-order influence of quadratic nonlinearity, and the 
second for a combination of cubic and the second-order 
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influence of quadratic nonlinearity. Numerical solutions 
for shock profiles are given to illustrate the first and 
second-order effects of quadratic nonlinearity. The com¬ 
bined response with cubic nonlinearity is then illustrat¬ 
ed. 

* Submitted by R. Chevray. 

**Work supported by NSF. 


EK 3 Bulk Viscosity-eNonequilibrium Molecular Dynamics * 
W G HOOVER & R B HICKMAN, UCDavis & LLL, Livermore Calif. 

If the perturbation AH = Vu:qp is added to the many-body 
Hamiltonian, Hgg = $(q) + K(p), the resulting Hamiltonian 
equations of motion incorporate strain, with an adiabatic 
strain-rate tensor Vu. Numerical results for the Lennard- 


Jones frequency-dependent bulk viscosity can be generated 
by specifying Vu = (Cwcostot) I where I is the unit tensor. 
The modified Hamiltonian also provides a quick derivation 
for the equilibrium Green-Kubo relations. For dilatation: 

<PV> noneq = <PV >eq - riv^ = [1/3] <qF + (P 2 /m)>noneq* 

Use a modified phase-space density f 0 exp[-3Vu: (qp-<qp>)] . 
The periodic isoergic virial theorem yields the deviation 
of 3FV from its long-time average value as d(qp)/dt. Thus 

T T 

% = Lira [3V/T]/dt/ds<{P t -P(E)}{P s -P(E)}> = gV/<6P 0 <5P t >dt. 

T-x» O O o 

*This work was carried out, at LLL, under the auspices of 
the United States Department of Energy, and, supported by 
the Army Research Office at UC Davis-Livermore Ca. 94550. 


Panel Discussion on Molecular Dynamics 

A panel representing groups active in the simulation of solid-phase shockwaves via 
nonequilibrium molecular dynamics will discuss (1) the compatibility of the microscopic and 
macroscopic descriptions of shockwaves, (2) relaxation phenomena and profile stability, (3) 
current controversies and disagreements in the interpretation of simulation results, and (4) the 
application of nonequilibrium molecular dynamics to the design and understanding of laboratory 
experiments. 

EK 4 B.L. HOLIAN, Los Alamos Scientific Laboratory. 

EK 5 A.M. KARO, Lawrence Livermore Laboratory. 


EK 6 A. PASKIN, Queens College of the City Univ. of New York. 
EK 7 J.D. POWELL, Ballistic Research Laboratory. 

EK 8 D.H. TSAI, National Bureau of Standards. 


I SESSION EL: QUANTUM SOLIDS 
Tuesday afternoon, 29 April 1980 

Alexandria Room, Sheraton Washington Hotel at 2:00 P.M. 

H. Meyer, presiding 

EL 1 NMR in Magnetically Ordered Solid 3 He* , E. D. 
ADAMS, E. A. SCHUBERTH, G. E. HAAS, D. M. BAKALYAR, 

Univ. of Florida — Magnetically ordered solid 3 He, pro¬ 
duced by compressional cooling to T ~ 1 mK, has been 
studied by high-resolution NMR at fields up to 2.98 T. 

In the ordered solid, at low fields B Q £ 410 mT, peaks 
in the spectrum above and below yB 0 /2tt, characteristic 
of antiferromagnetic ordering, are observed. For B >430 
mT, there is a temperature dependent shift of the reso¬ 
nance to higher frequencies and a large rapid growth in 
magnetization, beginning at the ordering temperature. 
These results provide strong support for a first-order 
transition to an antiferromagnetic state at low fields. 
At high fields the results are consistent with a second- 
order transition to a state of high polarization. 

*Work Supported by the National Science Foundation. 


3 Z Analysis of n.m.r. in Antiferromagnetic Solid 
He . M.~~C. CROSS and D. S. FISHER, Bell Labs . - We 
analyze the recent low field n.m.r. measurements on the 
spin-ordered phase of bcc solid 3 He, 1 using a hydro- 
dynamic approach that does not presuppose a particular 
sublattice arrangement. The large shifts from the 
Larmer frequency observed can only be ascribed to an 
anisotropic magnetic dipole interaction E in the 
ordered state. Thus we find the state is°not one of the 
classic bcc states (NAF, SCAF | | , SCAF for which 
symmetry arguments show E D is isotropic. The data is 
very well fit assuming a structure in which E Q and the 
susceptibility are invariant under^rotations about a 
spin axis d, and in which E D = %XU-d)2, with l a direc¬ 
tion fixed with respect to the lattice. Out of a large 
class of "up-down" and "helicoidal" structures the only 
state consistent with all the data is one consisting of 
(100) planes of ferromagnetically aligned spins arranged 


in the sequence up-up-down-down. Other more exotic 
states based on a wavevector in a [100] direction cannot 
however be ruled out. 


1. D. D. Osheroff, Bull. Am. Phys. Soc. 2£, No. 3 
(March 1980). 

EL 3 Antiferromagnetic Ground State of Solid 3 He . 

D. S. FISHER and M. C. CROSS, Bell Labs - Analysis of 
recent^low field n.m.r. experiments on antiferromagnetic 
solid He leads to stringent constraints on the possible 
sublattice structure, and out of a large class of simple 
possibilities only one state, involving a k = (k, 0,0) 
modulation of the spins, is consistent with the data. 

.f Here we compare the energetics of various antiferro¬ 
magnetic ground states, including effects of ring 
exchange and coupling to lattice distortions. 

3 

EL 4 Magnetization of He in Fast Compressional Cool¬ 
ing in High Fields? E. A. SCHUBERTH, E. D. ADAMS and 
D. M. BAKALYAk, Univ. of Florida — In previous work on 
fast compressional cooling in high magnetic fields,1 we 
reported a backstep in the melting pressure versus time 
which suggested a transition in the solid. We have now 
made simultaneous measurements of the magnetization and 
pressure during the compression. We find an increase 
in the rate of growth of magnetization, just before the 
A 2 superfluid transition. The higher growth rate con¬ 
tinues until the occurence of the backstep, at which 
time it decreases to its previous value. These results 
are consistent with the production of underpolarized 
solid in fast compressions. 

*Work supported by the National Science Foundation. 

1. E. A. Schuberth, D. M. Bakalyar, and E. D. Adams, 
Phys. Rev. Lett. 42, 101 (1979). 

EL 5 Fast Pomeranchuk Cooling in High Magnetic Fields- 
Some New Results . B. YURKE, E. P0LTURAK, and D.M. LEE, 
Cornell U .*—We report recent observations of the pres¬ 
sure back step first seen by Schuberth, Bakalyar and 
Adamsl at the University of Florida during fast compres- 
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sions in a Pomeranchuk cell in high magnetic fields. At 
25 kG and at compression rates significantly higher than 
those used by the Florida group, the pressure vs. time 
curves become qualitatively different from those pub- 
lishedl. Simultaneous zero sound attenuation measure¬ 
ments have also been carried out and there appears to be 
a feature in the sound attenuation associated with the 
pressure back-step. 

* Supported by NSF through Grant //DMR-78-10901 and 
indirectly through the Cornell Materials Science 
Center through Grant //DMR-76-81083. 

1 E.A. Schuberth, D.M. Bakalyar and E.D. Adams, 

Phys. Rev. Lett. 4^2 (1979). 

EL 6 NMR Relaxation Studies in Liquid ^He . L.J. 
FRIEDMAN, and R.C. RICHARDSON, Cornell U .*—We have 
studied the relaxation of nuclei in liquid^He in the 
presence of large surface areas. When 90 A carbon par¬ 
ticles are prepared with a monolayer coating of N 2 gas, 
the relaxation rate of the 3He is found to have anoma¬ 
lous behavior at the precession frequencies 3.25 MHz and 
6.50 MHz. At these frequencies the rate is 25% more 
rapid that that found at frequencies 100 kHz on each 
side of the anomalies. When we studied the 3He relax¬ 
ation on "bare" carbon particles we found that the 
relaxation rate decreased linearly with increasing fre¬ 
quency and that the anomalies were absent. The results 
with the "bare" particles reproduce Kelly's earlier 
observations^. 

^Supported by NSF through the Cornell Materials Science 
Center, Grant #DMR-76-81083A02. 

^J.F. Kelly, Ph.D. Thesis (unpublished), Cornell Univer¬ 
sity, 1974. 

EL 7 Thermal Vacancies in Solid 3 He- 4 He Mixtures .* 

R. 0. SIMMONS and B. A. FRAASSt, University of Illinois , 
Urbana-Champaign —Concentrations of thermal vacancies 
in crystals of ^He-^He mixtures have been measured 
directly with x-ray diffraction. Crystals with 3 He 
concentrations of 99, 51, 28, 12 and 0% have been 
studied in the pressure range 3.0 to 7.8 MPa. A new 
x-ray diffractometer-position sensitive detector 
system is used which allows precise study of the 
detailed temperature dependence of the vacancy con¬ 
centration. Vacancy concentrations as large as 5% 
are found in low pressure mixed crystals. In such 
crystals, the vacancies account for up to 30% of 
the internal pressure of the crystal. The temperature 
dependence of the vacancy concentration is qualita¬ 
tively different for different mixtures. 

*Supported by DOE Contract EY-76-C-02-1198. 
tPresent address: National Cancer Institute, National 
Institutes of Health, Bethesda, MD. 

EL 8 X-ray Study of Phase Separation in Solid 
Helium Mixtures .* B. A. FRAASSt and R. 0. 

SIMMONS, University of Illinois, Urbana-Champaign- - 

A microscopic study of phase separation in solid ^He- 

4 He mixtures has been made using x-ray diffraction. 
Mixtures with 3 He concentration x = 51, 28, and 12%, 
respectively, have been studied in the pressure range 
3.0 to 6.2 MPa. Accurate phase separation temperatures 
Tp S are obtained from shape changes in Bragg dif¬ 
fraction peaks. Regular solution theory accurately 
describes the relationship of T to the critical 
temperature T c for the 28 and 51% mixtures. T c is 
linear in pressure from 3.0 to 6.2 MPa for both 28 
and 51% mixtures. dT c /dP is -34mdeg/MPa. Thus the 
excess volume of mixing is -0.57x(l-x) cm 3 /mol. Data 
obtained on warming are found to be unreliable; doubts 
are therefore raised about data in the literature 
which have been obtained by warming. Lattice para¬ 
meters of both separated components are measured as 
a function of temperature, and some speculations 
about the phase diagrams are encouraged. 

^Supported by DOE EY-76-C-02-1198. 

tPresent Address: National Cancer Institute, National 
Institutes of Health, Bethesda, MD. 


EL 9 Visual Observation of Solidification 
and Melting of 4 He in the kbar Ranged J\ pT 
FRANCK*, Univ. of Delawaret.--Solidification 
and melting of 4 He at constant volume was 
visually observed at pressures between 4 and 7 
kbar. Optical resolution was about 5y. 

During solidification dendritic growth is 
observed at large cooling rates, and facetted 
growth for small cooling rates. At the end of 
the solidification interval highly faulted 
regions appear, some of which remain in the 
formed solid. Melting starts at the faulted 
regions, which increase dramatically as the 
melting process continues. 

*Permanent address: University of Alberta 
tSupported by NSF Grant DMR 78-01-307. 

* 

EL 10 Pressure Transitions in Solid H ^ 0 D. G„ HAASE, 
J. 0. SEARS, and R 0 A. ORBAN, North Carolina State Univ 0 
We have measured the pressure changes due to orthohydro¬ 
gen held at constant temperatures below 0.5°K o The 
samples were initially cooled to the measurement temper¬ 
atures at orthohydrogen concentrations X>0 o 6, in the 
ordered fee phase, and observed until X<0 o 50 o We noted 
abrupt pressure transitions, similar to those previously 
observed for the high temperature fee to hep transition, 
at X~0 o 53 and sample temperatures down to 0 o 23°Ko The 
gradual pressure change, 3P/3X) T> also decreased by 20 
to 50% after the transitions occurred. These results 
will be compared with other measurements of the solid 
H 2 phase diagram in this concentration-temperature range. 

* Supported by the Research Corporation and the Office 
of Naval Research 0 

EL 11 Possible Long-range Order in hep Solid Hydrogen . 
STEPHEN PATE and MARJORIE KLENIN, North Carolina State 
University ,—We have obtained the energy surfaces for 
systems of classical quadrupoles arranged in the one- 
sublattice, two-sublattice, four-sublattice, and eight- 
sublattice structures possible on an hep lattice 0 
Multiple, mutually accessible minima are found to occur. 
These represent states of the system in which a local 
symmetry is broken, and their existence suggests that 
hep solid hydrogen may provide an example of a "fully 
frustrated orientational glass". Mean-field estimates 
of ordering temperatures and of various thermodynamic 
quantities are made, and the limitations of these 
estimates are discussed. 

EL 12 Computer Studies of Orientational Ordering in 
the Hexagonal Phase of Solid Hydrogen . MARJORIE KLENIN 
and STEPHEN PATE, North Carolina State University .—We 
present preliminary results of Monte Carlo calculations 
designed to model a purely classical quadrupolar inter¬ 
action between molecules on hexagonal lattices, with 
quadrupolar "spin" concentrations varying between the 
percolation limit and 100%. The stability of possible 
one-sublattice, four-sublattice, and eight-sublattice 
structures is investigated, as a function of both temp¬ 
erature and concentration, through determination of a 
local "order parameter" and susceptibility 6 The low- 
temperature specific heat and relaxation-time phenomena 
are also described, and implications for the picture of 
solid hydrogen as a "quadrupolar glass" are discussed. 

EL 13 Susceptibility and relaxation Measurements on 
Frozen Saturated H 2 O Cerium Magnesium Nitrate Solution. 
B.W. HOLMES' + and G.O. ZIMMERMAN*, BOSTON U. —We have 

measured the susceptibility and relaxation times of a 
glasslike 1 H 2 O-CMN solution between IK and 4K. We find 
that the solution obeys Curie's Law and it appears that 
the g - factor is isotropic unlike crystalline CMN, The 
relaxation times are much faster than those of the 
crystal and can be analyzed in terms of direct and Raman 
relaxation. No Orbach 2 relaxation is observed. The re- 
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laxation times of CMN imperfect crystals will also be 
discussed. 


I 

I 

I 


BUSINESS MEETING OF THE DIVISION OF NUCLEAR PHYSICS 
Tuesday afternoon, 29 April 1980 

Washington Room, Sheraton Washington Hotel at 4:15 P.M. 


^Supported by NSF Grant No. DMR 7719582 
J J.M. Colwell, J. Low Temp. Phys. 14, 53, (1974). 
2 C.B.P. Finn, R. Orbach and W. P. Wolf, Proc. Phis. 
Soc. 77, 261, (1961). 


NUCLEAR SCIENCE ADVISORY COMMITTEE REPORTS 
Tuesday afternoon, 29 April 1980 

Washington Room, Sheraton Washington Hotel at 4:30 P.M. 


^Although this paper deals with a paramagnetic substance 
Since the substance is relevant to the low temperature 
measurements of liquid He 3 , it should appear in the 
quantum fluids and solids section where it will en¬ 
counter a more interested audience. 


NO HOST COCKTAIL PARTY 
Tuesday evening, 29 April 1980 
Blue Room, Shoreham-Americana Hotel at 5:30 P.M. 


I SESSION FA: SYMPOSIUM OF THE FORUM ON PHYSICS AND SOCIETY: PRIZE SESSION 
Tuesday evening, 29 April 1980; Palladium Room, Shoreham-Americana Hotel at 8:00 P.M.; Paul Horwitz, presiding 

FA 1 Presentation of the Leo Szilard Award to SIDNEY D. DRELL, Stanford Linear Accelerator Center. 

FA 2 Response of the Prize Winner. (30 min.) 

FA 3 Presentation of the APS Forum Award to WILLIAM A. SHURCLIFF, Cambridge Electron Accelerator. 
FA 4 Response of the Prize Winner (30 min.) 


I SESSION GA: SYMPOSIUM OF THE DIVISION OF NUCLEAR PHYSICS: GENERAL INTEREST-NUCLEAR PHYSICS I 
Wednesday morning, 30 April 1980; Washington Room, Sheraton Washington Hotel at 9:00 A.M.; G.L. Rogosa, presiding 

GA 1 Proton Radiative Capture at Intermediate Energies: Is There a “Nuclear Balmer Series”? 

S.L. BLATT, Ohio State University. (30 min.) 

Recent experiments on (p,Y) reactions at energies up to 100 MeV reveal strong capture to highly 
excited nuclear states. 1 The dominant final states appear to have simple single-particle con¬ 
figurations, in agreement with subsequent theoretical analyses. 2 Further experimental results 
reinforce these findings and suggest the existence of a series of simple excitations involving 
single protons in high-lying major shells. Radiative transitions between these configurations 
would produce a spectrum analogous to that of a single-electron atom. Such a simple picture 
appears to describe the major features of the data. 

*Work supported in part by the National Science Foundation. 

M.A. Kovash, S.L. Blatt, R.N. Boyd, T.R. Donoghue, H.J. Hausman, and A.D. Bacher, Phys. Rev. 

Lett. 42, 700 (1979). 

2 L.G. Arnold, Phys. Rev. Lett. 42, 1253 (1979); S.F. Tsai and J.T. Londergan, Phys. Rev. Lett. 

43, 576 (1979) ; D. Halderson and R.J. Philpott, to be published. 

GA 2 Resonant Behavior of the 24 Mg( 16 0, 12 C) 28 Si Reaction. 

S.J. SANDERS, Argonne National Laboratory, Argonne, III. * (30 min.) 

Studies of several light heavy-ion systems have revealed the presence of resonance-like structures 
in the excitation functions of a number of outgoing channels. For heavier nuclei, these features 
were first identified in backward angle elastic and inelastic scattering and have been found 
subsequently^in ^alpha-transfer’ reactions. The results of an extensive series of measurements 
on the Mg( 0, C) Si reaction will be presented. These measurements include numerous angular 
distributions, as well as 0°, 90° and 180° excitation functions for 26 MeV £ E cm £ 38 MeV. The 
data are analyzed in the context of Breit-Wigner resonances added to a direct reaction background. 
Spin assignments are suggested for prominent structures in the 0° excitation function. Additional 
measurements for other decay channels of the 40 Ca compound system will be presented. 


Work performed under the auspices of the U. S. Department of Energy. 

GA 3 Test of the Interacting Boson Model with Two-Neutron Transfer.* 

J.A. CIZEWSKI, Los Alamos Scientific Laboratory. (30 min.) 

Extensive investigations of two-particle transfer reactions have been performed on medium and heavy 
mass nuclei. Unfortunately, except for nuclei near closed shells, the wealth of information 
concerning two particle transfer strengths has not been examined with existing nuclear models. 
Recently, the Interacting Boson Model (IBM) 1 ) has been formulated by Iachello, Arima, and their 
coworkers with the aim of unifying the understanding of collective excitations in medium and heavy 
mass nuclei, especially away from closed shells. Several levels of sophistication for the IBM have 
been explored, from the phenomenological one-boson IBM I, to the two-boson (neutron and proton bosons) 
IBM II and current attempts at understanding the microscopic structure 2 ) of the bosons. In all of 
these approaches the ability to predict two particle transfer strengths^>4) j n non-magic nuclei 
exists. 

This talk will summarize some of the important theoretical aspects of the Interacting Boson Model, 
especially aspects which are relevant to two-particle transfer studies. Various types of IBM 
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predictions of two neutron transfer strengths will then be compared to previous (p,t) and (t,p) 
studies on medium and heavy mass nuclei. Particular emphasis will be placed on new and recent 
investigations 4 * 5 ) in the Pt and Os nuclei. 

1) A. Arima and F. Iachello, Ann. of Phys. (N.Y.) £9, 253 (1976); Ann. of Phys. (N.Y.) Ill , 201 
(1978); Phys. Rev. Lett. 40, 385 (1978); and references therein. 

2) T. Otsuka, A. Arima, and F. Iachello, Nucl. Phys. A309, 1 (1978), and references therein. 

3) A. Arima and F. Iachello, Phys. Rev. Cl6 , 2085 (1977). 

4) J. A. Cizewski, E. R. Flynn, R. E. Brown, and J. W. Sunier, Phys. Lett, and to be published. 

5) P. T. Deason, C. H. King, T. L. Khoo, J. A. Nolen, and F. M. Bernthal, Phys. Rev. C20, 927 (1979); 
E. R. Flynn and D. G. Burke, Phys. Rev. Cl7 , 501 (1978). 

*Work supported by the U.S. Department of Energy. 

GA 4 Effects of Shells and Deformations on Electromagnetic Transition Strengths. 

W. ANDREJTSCHEFF,* Rutgers University .t (30 min.) 

Systematic studies of y-ray transition rates provide conclusions on nuclear structure 
details hardly available from other experimental data. In-beam y-ray measurements and 
investigations of short-lived isotopes deal with a high line-density. A modern version 
of the centroid-shift method (delayed coincidences) enables lifetime determinations with 
germanium detectors down to 0-0.3 ns. In the mass region A*150 , a transition between 
well deformed and spherical nuclear shapes takes place. A recent systematics of B(E1) 
transion rates indicates strong mixing phenomena in this region. From lifetime 
measurements, evidence for states with different degree of deformation in 152 Eu(N=89) 
is obtained. Electric dipole transition strengths in odd-A nuclei surprisingly reveal 
a well pronounced minimum at N=91. The nuclear structure features associated with this 
minimum are not yet clear. Core polarization and mesonic effects are currently 
discussed in connection with magnetic dipole moments and transitions. A new systematics 
of ^-forbidden Ml transition strengths demonstrates minima in the vicinity of closed 
shell numbers N,Z~20, 28, 50, 82. These trends could be understood in terms of con¬ 
figuration mixing arising, e.g., from core polarization. In dramatic contradiction is 
the behavior of proton transitions in the region Z=82, N=126, which cannot be explained 
in a simple satisfactory way. The results have been obtained in collaboration with 
JINR Dubna and ZFK Rossendorf. 

*On leave from Bulgarian Academy of Sciences, Institute of Nuclear Research and Nuclear 
Energy, 1113 Sofia, Bulgaria. 

■^Supported in part by the National Science Foundation. 

I SESSION GB: SYMPOSIUM OF THE FORUM ON PHYSICS AND SOCIETY: BORN CLASSIFIED 
Wednesday morning, 30 April 1980; Regency Room, Shoreham-Americana Hotel at 9:30 A.M.; Earl Callen, presiding 

GB 1 The Progressive Case: Penalizing the Disclosure of Restricted Material. 

P.N. McCLOSKEY, JR., Congressman from California. (30 min.) 

GB 2 The Progressive Case: The Case Against the Government. 

B. ENNIS, American Civil Liberties Union. (30 min.) 

GB 3 Secrecy and Public Issues Related to Nuclear Power. 

T.B. COCHRAN, Natural Resources Defense Council. (30 min.) 

GB 4 The Central Intelligence Agency and Military Secrecy. 

M. HALPERIN, Center for National Security Studies. (30 min.) 


I SESSION GC: SYMPOSIUM OF THE DIVISION OF FLUID DYNAMICS: THE FLOW OF SUPERFLUID 3 He 
Wednesday morning, 30 April 1980; Forum Room, Shoreham-Americana Hotel at 9:00 A.M.; D.D. Osheroff, presiding 

GC 1 Broken Relative Symmetry and the Dynamics of Superfluid 3 He.* MARIO LIU, Universitdt Hamburg. (40 min.) 

The basic concept underlying any hydrodynamic theory is that of the spontaneously 
broken symmetry, a powerful and unifying idea introduced by Landau. It allows one 
to determine the structure of the static and low-frequency dynamic behavior of 
any condensed system by using, in addition to the conservation laws, solely one 
piece of information : the kind of continuous symmetry which is broken in that 
system. Below the superfluid transition, with ^He_ essentially breaking the same 
continuous symmetries as a "superfluid ferromagnetic liquid crystal", one can get 
a rough idea of the behavior of ^He at milli-Kelvin regime by merely superpo¬ 
sing the different properties of the three systems. On the other hand, detailed 
study of superfluid 5 He has also introduced new perspectives into the concept 
of spontaneously broken symmetries: Each of the three superfluid phases of ^He 
breaks a new and relative symmetry, i.e., they break a linear combination of two 
(or three) continuous symmetries, while remaining invariant under the transforma¬ 
tion^) represented by the other (two) independent combination(s). In this talk, 
a two dimensional model liquid is employed to introduce the concept and investi¬ 
gate the consequences of broken relative symmetry in simple and non technical. 
terms. It is shown that a system which breaks a relative symmetry behaves as if 
it breaks all the constituent symmetries while at the same time lacking the capa- 
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bility to distinguish between them. This is then used to predict and understand 
some of the amusing features of the A,B and A* phases, such as the mechanical NMR 
Gauge Wheel or the magnetic fountain effect. 

#Part of the work performed in collaboration with M.C.Cross. 


GC 2 Flow Measurement in 3 He below 5 mK. R.E. PACKARD, University of California Berkeley. (40 min.) 
GC 3 Size Effect in Superfluid 3 He as Measured by Fourth Sound. H. KOJIMA, Rutgers University. (40 min.) 
GC 4 Flow Instabilities in Superfluid 3 He. J. HOOK, University of Manchester. (40 min.) 


I SESSION GD: SYMPOSIUM OF THE DIVISION OF PARTICLES AND FIELDS: ELEMENTARY PARTICLE THEORY 
Wednesday morning, 30 April 1980; Empire Room, Shoreham-Americana Hotel at 9:00 A.M.; J. Sandweiss, presiding 

GD 1 Dynamical Breaking of Chiral Symmetry in Lattice Gauge Theories.* 

IJ.R. QUINN, Stanford Linear Accelerator Center. (45 min.) 

I will outline the method developed at SLAC for analyzing the properties of a field theory on 
a spatial lattice by the iterative construction of a trial wavefunction. I will focus in 
particular on the application of this method to the question of whether dynamical symmetry 
breaking occurs. I will present results of calculations which show that, in strong coupling 
lattice gauge theories with massless quarks, the chiral symmetry is dynamically broken, giving 
rise to massless pseudoscalars, that is to Goldstone pions. 


* Supported by the Department of Energy under contract number DE-AC03-76SF00515. 
GD 2 Hierarchies. L. SUSSKIND, Stanford University. (45 min.) 


GD 3 Strongly Interacting Higgs Bosons. C.W. BERNARD, University of California-Los Angeles. (45 min.) 

The sensitivity of present energy weak interactions to a strongly interacting heavy Higgs sector 
is discussed. The gauged nonlinear sigma model, which is the limit of the linear model as the 
Higgs mass goes to infinity, is used to organize and catalogue all possible heavy Higgs effects. 
As long as the SU(2) L x SU(2) R symmetry of the Higgs sector is preserved, these effects are 
ound to be small, of the order of the square of the gauge coupling times logarithms (but not 
powers) of the Higgs mass divided by the W mass. 1 We work in the context of a simplified model 
with gauge group SU(2) L ; the extension to SU(2) L x u(l) is straightforward and is briefly dis¬ 
cussed. 

1 T. Appelquist and C. Bernard, Yale Report YTP 80-01, January, 1980. 


I SESSION GE: POLARIZATION AND FEW-NUCLEON SYSTEMS 
Wednesday morning, 30 April 1980 
Baltimore Room, Sheraton Washington Hotel at 9:00 A.M. 

Z. Northcliffe, presiding 


GE 1 Asymmetries from the 4 He(p,2p) 3 H Reaction at 
500 and 250 MeV Using Polarized Protons.* R. ABEGG, 
U. of Manitoba , M.B. EPSTEIN, D.J. MARGAZIOTIS, Cal. 
State U., Los Angeles , D.K. HASELL, W.T.H. VAN 0ERS, 
U. of Manitoba , J.M. CAMERON, G.A. MOSS, L.G. 
GREENIAUS, U. of Alberta , A.W. STETZ, Oregon State 
U.—The reaction 4 He(p,2p) 3 H has been studied at 500 
and 250 MeV using the polarized proton beam of the 
TRIUMF cyclotron. In addition to energy sharing 
spectra, asymmetry data have been obtained for 
spin-up vs. spin-down incident protons at a few 
pairs of quasifree scattering angles looking for 
asymmetries in the 4 He(p,2p)3H cross section beyond 
those expected from free p-p scattering. Preliminary 
results will be discussed in the context of the 
DWIA which, in the absence of spin-orbit terms in 
the optical model potential, predicts no asymmetries 
beyond those expected from p-p scattering in the 
correlation cross section. 

*Work supported in part by the National Science 
Foundation and the NSERC. 


GE 2 Comparison of the Analyzing Powers for the Charge 
Symmetric Reactions 3 H(3,n) 4 He and 3 He(3,p) 4 He for Ed = 

3-6 MeV . H.W. CLARK, R. DETOMO, T.C. RINCKEL, J.C. BROWN 

and T.R. DONOGHUE, Ohio State Univ .* and G.M. HALE, Los 
Alamos Scientific Lab .* — A recent comparison of the 
tensor analyzing powers for the charge symmetric reactions 
H(d,n) He and H(d,p) H revealed unexpectedly large 
differences. 1 ) Similarly a large difference is also ob¬ 


served in A zz (0°) when the charge symmetric reactions 
H(d,n) He and 3 He(d,p) 4 He are compared above 4 MeV. 2 ) 

The origin of such differences is not yet known, but such 
differences may signal violations of charge symmetry in 
the nuclear interaction. To further explore these dif¬ 
ferences in the A=5 system, we have measured angular dis¬ 
tributions of the vector and tensor analyzing powers of 
^He(d,p) He to complement our previous measurements for 
H(d,n) 4 He. 3 ) A comparison of our 3 He(d,p) 4 He and 
H(d,n) He will be presented along with results of R- 
matrix calculations. 

* Supported in part by the N.S.F. and D.O.E. 

1) L.J. Dries et al ., Phys. Lett. 80B , 176 (1979). 

2) L.J. Dries et al ., Phys. Rev. C, (Feb., 1980). 

3) H. Clark et al .. Bull. Am. Phys. Soc. 24, 838 (1979). 


GE 3 Polarization Transf er Co efficient Measurements 
for the Charge Symmetric' Reactions 3 H(3,ft) 4 He and 
5 H(3 ((?,j$) 4 He. R. DETOMO, Jr. , H.W. CLARK, T.C. RINCKEL, 

J.C. BROWN and T.R. DONOGHUE, Ohio State Univ .* -- In 
recent comparisons of analyzing powers for charge symme¬ 
tric reactions, we observed 1 ' 2 ) unusually large differ¬ 
ences in the respective tensor analyzing powers in both 
the 4 and 5 nucleon systems. Because the unexpected 
differences do not seem to be explainable in any simple 
way, they may signal the presence of charge symmetry 
breaking terms in the nuclear interaction. To explore 
these differences further, we are extending our experi¬ 
mental studies to include measurements of polarization 
transfer observables, eventually for the 3 H(d,n) and 
He(d,p) reactions. For the (d,n) reaction, these 
"triple scattering" type observables are measured using 
a high pressure helium gas scintillator operated in fast 
coincidence with neutron detectors in the usual way. For 
the (d,p) reaction, a vaned high pressure helium gas 
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polarimeter is used, where the surface barrier detectors 
are located inside the gas. The initial results will be 
compared with earlier R-matnx calculations. 

* Supported in part by the National Science Foundation. 

1) L.J. Dries et al ., Phys. Lett. 80B, 179 (1979). 

2) L.J. Dries et al . , Phys. Rev. C (Feb., 1980). 


GE 4 A To i Analyzing Power Standard for Tensor Pol¬ 
arized DiUteroiri^i^ J.5. HttJlM'and L.J). KNUTSOTTT 
University of N i sb o E iin-Madison--It has previously been 
shown 1 that for deuteron-induced reactions with spin- 
parity structure 1 + + 0 + 0 + + 0 the four analyzing 

powers are not all independent. The analyzing powers 
iTn, T 20 and T 2 i are related by 


iTi i 2 + T 2 i 2 + ( J T 2 o + —) V4. 

2/Z 

This makes it possible to determine the value of T 2 i 
from measurements of iTn and T 20 . If |T 2 i| is close 
to its theoretical maximum (/T/2), relatively inaccu¬ 
rate measurements of iTn and T 2 o are sufficient to al¬ 
low an accurate determination of T 2 i, and thus reactions 
of this kind are useful for establishing deuteron pol¬ 
arization standards. We have used this technique to de¬ 
termine the T 2 i analyzing power for 16 0 (d,oi 3 ) 14 N at 8.06 
MeV and 0i a b =45 °- The measured value is T 2 i= 0.856 ± 
.003. We have also established a convenient secondary 
T 2 i standard, accurate to 1.2%, by calibrating 
6 Li(d,a) 4 He against the 16 0(d,a 3 ) 14 N reaction. 


* Work supported in part by the U.S. Dept, of Energy. 
1 K. Stephenson, et al., Nucl. Phys. A277 (1977) 365. 


GE 5 Determination of j-Mixing in t _ 5 3 Cr(d,p) 54 Cr from 
Tensor Analyzing Power Measurements. L.D. KNUTSO^J, 

TX PhUlM, J.A. blESZK i nd WYTMBERLI, University of 
Wisconsin-Madison--For (d,p) reactions on odd-A targets 
it is generally the case that for a given transition 
more than one value of j (the total angular momentum of 
the neutron) is allowed. It has been shown 1 that meas¬ 
urements of a(0) and the vector analyzing power, iT.u(e), 
allow one to detemine the contributions from the dif¬ 
ferent j-values, provided that a(0) and iTn (6) are 
known a priori for each allowed j. We have explored the 
possibility of using measurements of the tensor analyz¬ 
ing powers (in particular T 22 ) rather than iTn for the 
analysis of mixed-j transitions. One advantage of using 
T 22 is that DWBA predictions are more accurate for T 22 
than for iTn. 2 Tensor analyzing powers have^been meas¬ 
ured for the mixed-j transition * 3 Cr(d,p) 54 Cr (0.83 Mey) 
The j-mixing parameter determined from the DWBA analysis 
of the T 22 data will be compared with the result ob¬ 
tained from iTn measurements. 1 

* Work supported in part by the U.S. Dept, of Energy. 

1 D.C. Kocher et al., Nucl. Phys. A196 (1972) 225. 

2 E.J. Stephenson et al^., Nucl. Phys. A277 (1977) 374. 


GE 6 Q- dependence of the (ct,t) Reaction for £=1 
Tr ansitions in the A=60 Mass Region . J.A. BIESZk, Uni¬ 
versity of Wiscons in-Madison and S . E. VIGDOR, Indiana 
University.t Previous studies have found a strong j- 
dependence in the vector analyzing power of (d,t) re¬ 
actions but have suggested a much stronger dependence 
on kinematical factors (e.g., the Q-value) than is ob¬ 
served in comparable (d,p) reactions. To explore this 
dependence, cross-section and vector analyzing power 
measurements have been made on 68 Zn and 64 Ni at E^ = 
12.0 MeV and on 57 Fe and 53 Cr at E d = 11.0 MeV. 1=1 
transitions were observed over a 0-value range of ap¬ 
proximately 4 MeV. For transitions of similar 0-value 
the 1/2" and 3/2' analyzing powers oscillate predomi¬ 
nantly out of phase with one another. As Q decreases, 
the oscillations move steadily and rapidly toward more 
forward angles. The amplitude of the oscillations of 
the vector analyzing power for 3/2“ transitions is ap¬ 
proximately independent of Q-value while that for 1/2 
transitions increases by almost a factor of 3 with de¬ 
creasing Q-value. The ability of DWBA calculations to 
reproduce this Q-dependence will be discussed. 

t Work supported in part by the U.S. Dept, of Energy. 


GE 7 Dynamic Nuclear Pol arization of Irradiated 
Targets.* M.L. SEELY, M.R. BERGSTROM, R.A. PONG 
W. HUGHES, R.F. OPPENHEIM, D.A. PALMER, and P.A. SOUDER, 
Yale Univ.; S. ST. LORANT, SLAC ; K. KONDO and S. MIYA- 
SHITA, Univ. Tsukuba; Y.N. GUO, Inst. H.E.P., Peking— 
Conventional polarized targets for high energy physics 
experiments are based on the dynamic polarization of free 
protons in a hydrocarbon sample doped with a paramagnetic 
impurity. Substantial improvements in the performance 
of polarized targets might be possible if the electrons 
produced when the target is irradiated could serve as the 
paramagnetic impurity. 1 The dynamic polarization of two 
materials, butanol (containing 5% water) and ammonia, was 
studied as a function of radiation dose. The target ma¬ 
terial, in the form of small beads, was exposed to a 22 
GeV electron beam at SLAC. The polarization of the 
butanol/water target increased with dose, leveling off 
at ~15% after a total dose of 8xl0 14 e"/cm z . The polari¬ 
zation of the ammonia target increased rapidly with dose 
until the target received ^xlO 14 e /cm z , at which point 
the polarization decreased suddenly. Examination of the 
ammonia target revealed that the beads had broken into 

^Research supported in part by DOE (//EY-76-C-02-3075) 
r.O. Niinikoski et al., Phys. Lett. 72A , 141 (1979). 


GE 8 Elastic Scattering of Pulsed Polarized Neutrons Pro- 

duced in the ^H(H,n)^He Reaction. R. L, WALTER, C. E. FLOYD, 

P. P. GUSS, R. Co BYRD, and S7X. WENDER, Du ke Univ. and 
TUNL,* T. Bo CLEGG, Univ. of North Carolina and TUNL , E. 

WO YE, Wo TORNOW, and G. MACK, Univ. of Tubingen —A 
technique has been developed at TUNL to bunch polarized deu- 
terons produced in the Lamb-shift polarized-ion source. This 
beam, directed onto a deuterium target, can be used to provide 
an intense beam of pulsed polarized neutrons. The H(d ,n) He 
reaction at 0° provides neutron beams with about 90% of the 
vector polarization of the incident deuterons. This technique, 
combined with the TUNL neutron time-of-flight apparatus, pro¬ 
vides the capability to perform analyzing power measurements 
for neutron elastic scattering in the 8- to 16-MeV region to an 
accuracy better than ±5%, A discussion of this source reaction 
and our facility will be presented, along with typical data^ob¬ 
tained for the nuclei studied to date, i.e». Be, C, Ca, Fe, 
^Cu, Pb. 

* Work supported by U. S. Department of Energy 

1 S. A. Wender et al.. Bull. Am. Phys. Soc. 24, 821 (1979) 

GE 9 Determination of Ato mic-Excitation Effects on 
t he 1 »C(E,p)» f C First T=3/2 Resonance by use of a 
Polarized Beam. J.F. WILKERSCN, W.J. THOMPSON, T.B. 
CLEGG, e7j. LUDWIG, & S.A. TONSFELDT, University of North 
Carolina at Chapel Hill and Tria ngle Universities Nuclear 
Laboratory.* — We report the first measurements of the 
lowest T=3/2 resonance in lI C(p,p) l2 C (14.23 MeV lab 
energy) using high-energy-resolution (FWH4 *700 eV) 
polarized proton beams. In a preliminary analysis of 
both cross-section and analyzing-power excitation 
functions, measured simultaneously at lab angles of 
60°, 120°, 139°, and 160°, we have extracted a proton 
elastic-scattering partial width of *220 eV and an 
observed total width of about 1500 eV. Atomic-excitation 
effects on the nuclear reaction* are shown to contribute 
^550 eV to this width, producing a nuclear width 
*900 eV. These values are in very good agreement with a 
partial width of 203 ± 22 eV and a total width of 
860 ± 120 eV, obtained from a branching-ratio method 2 . 

* Supported in part by USDOE. 

1. W.J. Thompson and J.M. Feagin, Bull. An. Phys. Soc. 
24, 627 (1979). 

2. R.E. Marrs et al., Phys. Rev. C16, 61 (1977). 

GE 10 Measurements of V ector and Te nsor Anal yzing Pow- 
ers for the 3»Ar(t.cQ 36 Cl and 36 Ar(d,q) 34 C1 Reactions* 

Y. Tagishi ++ , T.B. Clegg, J.F. Wilkerson, E.J. Ludwig, 

S.A. Tonsfeldt and W.Wylie, University of North Carolina 
Chapel Hill. N.C. 27514 , and Triangle Universities Nu- 
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.Slear Laboratory. Durham. N. C .—A 16 MeV polarized deu- 
ter °36 beam WaS USed t0 bombard targets of enriched 38A r 
and 3 Ar gas and angular distributions of da/dfl, iT 1:L , 
T 20 and T 22 were obtained for approximately 10 states 
in the final nuclei. The beam polarization was measured 
in a polarimeter analyzing the 3 He(ct,p) 4 He reaction * 1 2 ). 

Of special interest are angular distributions of iTj^x 
and T 22 , which can be used to distinguish between trans¬ 
fers of J“L, J“L+1 and J=L-l2). Comparisons for certain 
states indicate a 1 + spin-parity assignment for the 
1.60 MeV state in 36ci and 3 + assignment for the 
2.18 MeV state in The data are compared to the 

results of DWBA calculations. 

1) S.A. Tonsfeldt et al., Bull. Am. Phys. Soc. 24,652 

(1979) — 

2) E. J. Ludwig, et al., Phys. Rev. Lett. 40, 441(1978), 

+ Work supported in part by the U.S.D.O.E. 

++0n leave from The University of Tsukuba, Japan. 

GE 11 Features of Large Angle Deuteron Elastic Scat¬ 
tering Analyzing Powers near 80 MeV. * E.J. STEPHENSON, 
C.C. FOSTER, and P. SCHWANDT, Indiana U. , and D.A. 
GOLDBERG, U. of Maryland .—Optical model calculations 
for 80 MeV deuteron elastic scattering show A and Ay 
angular distributions that are flat with values near V 
unity for 0 > 60°. Thus, elastic scattering in this 
region is dominated by a single spin projection of the 
deuteron. This feature, a consequence of the spin or¬ 
bit interaction, corresponds to a smooth exponential 
falloff in the cross section. Saturation of the ana¬ 
lyzing powers may be described with semi-classical 
concepts used previously for 4 He elastic scattering. 1 
Distinctive effects are observed in A xz and A xx at 
large angles when the tensor potentials T R and T P are 
included in the potential. 

& 

Work supported by the NSF. 

X D.A. Goldberg et al., Phys. Rev. C 10, 1362 (1974). 

GE 12 

Polarization Transfer at 0° in n-p Scattering at 

50 MeV.* H. L. WOOLVERTON, J. C. HIEBERT, L. C. 

NORTHCLIFFE, M. J. MAROLDA, S. D. MARTIN, S. K. NATH, 

W. F. WOODWARD, Texas A&M U.* * — A 50 MeV neutron beam 
with a polarization of 0.50 ± 0.06 has been used to 
measure the n-p polarization transfer coefficient, D t . 

The neutron beam was produced via the D(ci,n) 3 He reaction 
using a 50 MeV polarized deuteron beam from the Texas 
A&M cyclotron incident on a high pressure gas target. 
Polyethylene was used as n-p scattering target. The 
polarization of the 0° recoil protons was measured by 
determining the asymmetry of p-C scattering in a 
polarimeter consisting of a graphite target and large 
plastic scintillators for detection of the left and 
right scattered protons. Triple coincidence data were 
taken with seven parameters being recorded on tape for 
each event. On-line indicators showed substantial 
negative values for D^.. The results of a more refined 
off-line analysis will be presented. 

*Submitted by L. C. NORTHCLIFFE. 

**Supported in part by the National Science Foundation. 

GE 13 Kinematically Complete Studies of the ] H(3,pp)n 
Reaction in Col linear Geometry at Eh= 16 MeV .* F. D. 
CORRELL, RONALD E. BROWN, R. A. HARDEKOPF, NELSON JARMIE, 
AND G. G. OHLSEN, Los Alamos Scientific Labora tory; JAMES 
M. LAMBERT AND PAUL A. TREADO, Georgetown U. ; I VO SLAUS, 
Ruder Boskovic Institute ; and PETER SCHWANDT, Indiana U.~ 
Recently there has been considerable interest in studying 
the d-p breakup reaction under the special kinematical 
configuration of collinearity of the three final-state 
nucleons in the c.m. system. Previous experimental inves¬ 
tigations have been limited to measurements of the breakup 
cross sections. Using a polarized deuteron beam, a thin 
polypropylene target, and AE-E 'detector telescopes for 
mass identification of the breakup protons, we have 
measured vector and tensor analyzing powers, as well as 
absolute differential cross sections, for breakup. These 
quantities were measured as functions of arc length around 
the kinematically allowed loci for several symmetric and 
asymmetric laboratory geometries. Experimental data will 


be presented and compared with results of recent Faddeev 
calculations employing a N-N force having S-, P-, and D- 
waves and a four-term ^S]- 3 Di tensor component. 

^Supported by the U.S. Department of Energy. 

GE 14 Vector Analyzing Power for the ^H(d,n)3He 
Reaction. P.P.Guss, R.K.Murphy, R.C.Byrd, C.E.Floyd, 

S. A.Wender, R.L.Walter, Duke University and TUNL * and 

T. B.Clegg, University of North Carolina and TUNL .— 

The vector analyzing power A^(G) for the ^H(d,n) 3 He 
reaction was measured at deuteron energies of 5.5, 7.0, 
8.5, 10.Q, and 11.5 MeV using the TUNL pulsed polarized 
beam facility and neutron time-of-flight techniques. 
Measurements were made in 5° steps between 5° and 90° to 
complement the back-angle data of K&iig et al. 1 ) 
obtained by detecting the 3 He particles. The uncertain¬ 
ties are typically +0.002 and are comparable with those 
for H(d,n) 3 He experiments using charged-particle detec¬ 
tion. 

*Supported in part by the U.S. Department of Energy. 

1) V. KiJnig et al. (preprint). 

GE 15 Low-Energy Cross Sections for Fusion Power .* 

NELSON JARMIE, RONALD E. BROWN, F. D. CORRELL, AND R. A. 
HARDEKOPF, Los Alamos Scientific Laboratory .--The inter¬ 
action of the hydrogen isotopes in the region of 10 to 
100 keV is being studied. Existing discrepancies 1 in the 
fusion-energy cross sections T(d,n) 4 He and T(t,2n) 4 He 
have motivated an accurate remeasurement of these 
reactions. Initially, we are studying the D + D 
reactions in order to test our apparatus and to improve 
the accuracy of these cross sections. The apparatus 
features a continuous flow windowless cryogenic target, 
a beam calorimeter, and target density calibration with a 
10 MeV proton beam. Various problems encountered in 
developing the equipment will be discussed. Early 
measurements on the D + D reactions will be shown and 
compared with predictions of an R-Matrix analysis^ based 
on previous work. 

*Work supported by the U.S. Department of Energy. 

1. N. Jarmie, Los Alamos Report LA-8087, see also the 
Proceedings of the International Conference on Nuclear 
Cross Sections for Technology, Oct. 22-26, 1979, 

Knoxville, Tenn. 

2. G. Hale and D. Dodder, Los Alamos Scientific Laboratory, 
private communication. 


( SESSION GF: NUCLEAR THEORY: REACTIONS 
Wednesday morning, 30 April 1980 
Annapolis Room, Sheraton Washington Hotel at 9:00 A.M. 

S. Koonin, presiding 

GF 1 Continuous Coupled-Channel Model for Energy Loss 
of Intermediate Energy Nucleons in Nuclear Matter .* 
EDWARD F. REDISH and DAVID M. SCHNEIDER, U. of Maryland , 
College Park —The continuous coupled-channel equations 
proposed by Lipperheide 1 are adapted to the description 
of a single nucleon propagating through a nucleus. The 
model permits energy to flow from the motion of the pro¬ 
jectile into the thermal excitation of the nucleus. We 
get a two-variable equation for a wave function which 
describes the probability of finding a nucleon at a par¬ 
ticular point with a particular energy loss. Such a 
model is strongly supported by both singles and coinci¬ 
dence spectra. To test the idea we consider the simple 
one-dimensional problem of a particle incident on a uni¬ 
form slab of nuclear matter. We then make a simple 
single-scattering model for the energy loss potential, 
eikonalize, and suppress interference terms. The resul¬ 
ting simple equation permits energy loss but conserves 
flux. The qualitative features of this equation will 
be presented in order to assess the practical viability 
of the model. 

*Wcrk supported by the U. S. Department of Energy. 

1. R. Lipperheide, Nucl. Phys. A260 , 292 (1976). 

2. J. R. Wu, C. C. Chang, and H. D. Holmgren, Phys. Rev. 

C19 , 698 (1979), and private communication. 
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GF 2 Ericson Fluctuations in the Nested-Doorway 
Model + , W. A. FRIEDMAN, M. S. HUSSEIN* and K. W. MCVOY, 
U. of Wisconsin-Madison and P. A. MELLO, UNAM-Mexico— 
Ericson's auto-correlation function C(e) is generalized 
to cover the case in which the cross section contains 
several classes of overlapping doorways. The result 
suggests that C(e) may be useful for determining the 
widths F n of the various doorway-classes, for it 
exhibits a shoulder when £ % T n , provided the widths are 
sufficiently different. 

+Supported in part by the Tinker Foundation, the US-NSF, 
the CNPq-Brazil, FAPESP-Brazil, CONACYT-Mexico and 
ININ-Mexico. 

*0n leave from the U. of S<io Paulo, S.P., Brazil. 

GF 3 A Theory of Energy Independent Nuclear Optical 
Model Potentials .^ T.T.S. Kuo, F. Osterfeld, S.Y. Lee, 
Inst, fur Kernphysik , KFA-Julich and Dept, of Physics , 
SUNY-Stony Brook .— We present a new microscopic 
derivation of the optical model potential which leads to 
a formerly energy independent potential, i.e. the real 
energy dependence is already implicitly included in the 
non-locality of the potential. The starting point of 
our theory is the equation of motion 

= < e - e aKKiCi ( e)> 

Then by way of a folded diagram factorization, one 
readily obtains a generalized optical model potential 
which is energy independent and contains folded 
diagrams. The boundary condition of iK,, makes our 
potential generally complex. The relation between 
our theory and the energy dependent Green's function 
theory for the optical model potential is studied. 

^Supported by the USDOE and by the Alexander von 
Humboldt Foundation. 

GF 4 Few-Body Scattering Equations without Green's 
Functions of the Subsystems .* H. KROGER**, Oak Ridge 
National Lab.t, Oak Ridge, TN 37830 and R. PERNE, Bayer 
Chemical Co., Leverkusen, W. Germany .—We present N-body 
scattering equations which avoid, in the kernels, the 
complicated structure of all the subsystem Green's func¬ 
tions or transition amplitudes as in the approaches of 
Faddeev-Yakubovski, Alt-Grassberger-Sandhas or Kouri- 
Levin-Tobocman. Our kernels are constructed from the 
bound state part of the subsystem Green's functions, so 
that we only need to know the subsystem bound state wave 
functions and binding energies. We decompose the full 
Green's function in pole terms and set up coupled 
equations for the residues which can be continued onto 
the real axis. 

*Submitted by J. B. McGRORY. 

NATO Fellow from Justus-Liebig-Universitat, Giessen, 
West Germany. 

4 Research sponsored by the Division of Basic Energy 
Sciences, U.S. Department of Energy under contract 
W-7405-eng-26 with the Union Carbide Corporation. 


rors in yj in the wings than r* obtained by using the 
SSF. This result contradicts the suggestion of Lane, 
et al. _ 

*Work supported by the U. S. Department of Energy. 

1. M. Di Toro, Nucl. Phys. A155 , 285 (1970). 

2. A. M. Lane, J. E. Lynn, and J. D. Moses, Phys. Rev. 

C20 , 2435 (1979). 

GF 6 Stretched lp-lh States in the Recoil Corrected 
Continuum Shell Model .* D. HALDERSON, R. J. PHILPOTT, 
and F. PETROVICH, Florida State U .—The high angular 
momentum particle-hole states in 12 C, 16 0, 28 Si, 32 S, 
and 40 Ca have been of recent experimental interest. 

Because of their high spin, these states should be rela¬ 
tively pure. However some observed cross sections are 
found to be smaller than expected for pure configura¬ 
tions. In the case of 40 Ca the stretched states have 
not been observed. Therefore theoretical predictions of 
the structure, location, and width of these states are 
of interest. The stretched states are being investi¬ 
gated with a continuum shell model which allows central, 
spin-orbit, and tensor nucleon-nucleon interactions. 

Center of mass excitations are eliminated. The effect 
of coupling to the continuum on the structure, position, 
width, and isospin mixing of these states will be pre¬ 
sented. Predictions for observing these states with 
low and intermediate energy probes will also be dis¬ 
cussed. 

*Work supported in part by the National Science Founda¬ 
tion. 

GF 7 Soft Sphere R- Matrix Fit to Alpha-Alpha Scattering. 
GERHARD RANDERS-PEHRSON*, Ohio University--Alpha-alpha 
elastic phase shifts have been described using R-matrix 
theory with background terms derived from a soft 
repulsive potential. Deduced widths for some closed 
channels are also included. Some aspects of R-matrix 
description of broad final states will also be discussed. 

No levels except the obvious ones are needed. 

*Work based on a dissertation presented to the 
University of Maryland. 

GF 8 Multiple Scattering in One Dimension .*L.L. FOLDY 
and E.M. HAACKE**. Case Western Reserve University . — We 
discuss the problem of scalar wave multiple scattering in 
one dimension on a target of n identical fixed scatterers 
with delta function potentials. We succeed in performing a 
configurational average for the wave function for the pro¬ 
blem of a transmitted wave with constant amplitude. We 
present large and small incident particle wave number limits 
for the average wave function and the optical potential. We 
also examine the question as to where the optical potential 
can be approximated by the form it takes in the limit of 
infinite n. Further, we consider the large wave number li¬ 
mit for the average wave function and the optical potential 
for fixed density in the limit of infinite n. Lastly, know¬ 
ing the simple closed form for the average wave function, we 
prove that the effective field approximation becomes exact 
in the limit of infinite n with all the other parameters 
held fixed. 


GF 5 Sensitivity of T * for Isobaric Analog States to 
Experimental Errors .* W. M. MACDONALD, U. of Maryland , 
College Park—The reduced widths yf for a fragmented iso¬ 
baric analog state (IAS) determine the spreading width T* 
which appears in the (Lorentz-weighted) strength function 
(SF). 1 Lane, et al., have suggested 2 that their summed 
strength function (SSF) gives a which is less sensi¬ 
tive to errors in y 2 in the wings. Least-squares fitting 
theory can be used to construct an "error weighting 
function" which relates the percentage error in T* to an 


6( n> + * 

6r/r 

2 


- I W(E x )[6(y2)/y2], 


where y£ is the reduced width for decay of the IAS. I 
find the function W SF (E) for the SF to be much more 
strongly peaked than Wgg F (E) for the SSF. Therefore T 
obtained by using the SF is much less sensitive to er- 


* Submitted by E. M. HAACKE . 

** Supported in part by NSF Grant No. PHY78-11629. 

GF 9 Study of a Compound Resonance . L. G. ARNOLD, 

Ohio State Univ .*--The Wigner-Weisskopf model is an ide¬ 
alized description of a compound state coupled to a scat¬ 
tering channel. It is derivable from the unified theory 
of nuclear reactions as a prototype of a compound reso¬ 
nance. The effective interaction so derived for the 
scattering subspace is a separable nonlocal potential. 
This study of the model is based on a Fredholm determi¬ 
nant methodology for nonlocal potentials. It is shown 
that for sufficiently weak coupling the scattering sub¬ 
space contains a spurious state 1 that is intimately re¬ 
lated to the compound resonance. The compound resonance 
and spurious state coalesce as the coupling goes to zero 
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leaving no residual effect of the compound state in the 
scattering subspace. 

* Supported by NSF under Grant PHY78-25532. 

1- M. Coz, L. G. Arnold, and A. D. MacKellar, Ann. Phys. 
(N.Y.) 59, 219 (1970); L. G. Arnold and A. D. 
MacKellar, Phys. Rev. C 3, 1095 (1971). 

GF 10 Positive Energy Weinberg States for the 
Solution of Scattering Problems ? Rawitscher** 
When the coupling (or perturbing) poten¬ 
tial"' V is so large that the eigenvalues of 
the operator G°V lie within the unit circle then 
the iterative solutions of the Schroedinger eq. 
will not converge. Here G° is the Green's func¬ 
tion for the unperturbed Hamiltonian H°. A 
method for reducing the calculation of the T) 's 
as well as the eigenvectors r u) ( r) or the scat¬ 
tering function Y+\r) to the solution of lin¬ 
ear algebraic equations is described. It con¬ 
sists of introducing a basis set of Weinberg 
(or Sturmian) functions ^r(r), solutions of 

(H°- E) <f>. O') = - <V„- V(r) cf>. C r) 

Here V is an auxiliary local diagonal potential. 

E is the positive scattering energy and (r) is 
regular at the origin and purely outgoing at in¬ 
finity. The oL ' s are complex and form a discrete 
set. Numerical examples will be given. 

*Work supported by the U.S. Department of Energy. 
**0n leave from the University of Connecticut. 

GF 11 A Semiempirical Model for Calculation 
of Excitation Functions for Proton-Induced Nuclear 

Reactions . E. L. Petersen, Naval Research Laboratory . 

— A computer code (TWOSTEP) has been written that 
calculates excitation functions in the range between 5 
and 80 MeV for reactions emitting from one to six 
particles. The geometrical cross section, allowing 
for transparency, is divided into statistical, 
direct, and preequilibrium portions. The cross 
section for each of these mechanisms is allocated by 
examining the relative contributions of all possible 
reactions emitting the same number of particles. 

The cross section for each reaction product is 
then calculated as a function of energy. The results 
will be compared with experimental values for a number 
of elements from Magnesium to Bismuth. 

GF 12 Connected Reformulation of the Chandler-Gibson 
Equations.* W.N.P0LYZ0U. Theor. Div.. LASL. and A.G. 

Gibson, U. of New Mexico —We present a connected re¬ 
formulation of the Chandler-Gibson M-equations, These 
equations provide a unified approach to nuclear reac¬ 
tions with several important features: (1) The theory 
contains the distorted wave and resonating group solu¬ 
tion spaces, (2) breakup and rearrangement reactions are 
treated on the same footing as elastic scattering, (3) 
the infintesimal time evolution is generated by the full 
Hamiltonian restricted to the smallest subspace that 
contains all of the important cluster subspaces, (4) the 
integral equations couple only physical amplitudes. The 
primary disadvantage of the original formulation is that 
the kernel of the integral equation is disconnected upon 
iteration. This limits the applicable numerical met¬ 
hods. Using combinatorial methods developed by one of 
us we construct formally equivalent connected kernel 
equations that preserve the advantages of the original 
formulation. We illustrate the structure of these 
equations in several examples. 

* 

Work done under the auspices of the Department of 
Energy. 

GF 13 An Examination of Adiabatic Approximation for 
Deuteron Breakup Effect .* H. AMAKAWA, Univ. of Texas* *: 

A. MORI, Numazu Tech. Coll. : H. NISHIOKA and K. YAZAKI, 
Univ. of Tokyo ; S. YAMAJI, IPCR —Adiabatic treatment of 
deuteron breakup effect on deuteron elastic scattering 


and breakup reaction is examined by comparing with other 
more accurate calculations by the coupled-channel 
method 1 and the variational method. It is found that 
the adiabatic treatment for deuteron elastic scattering 
is not so bad even at £^=22.9 MeV and becomes quite good 
for Ed £.40 MeV. The partial-wave breakup cross sections 
of deuteron at 22.9 MeV calculated by the adiabatic 
treatment give good agreement with those by the coupled- 
channel method 1 except for low partial waves. 

*Submitted by T. TAMURA. 

**Supported in part by the US Department of Energy. 

%. Austern, C. M. Vincent, and J.P. Farrell, Jr., 

Ann. of Phys. (NY) 114 , 93 (1978). 


GF 14 

Effective Interactions and Coupled Reaction Channel 

Formalisms in Many-Body Scattering Theory. 

R. GOLDFLAM AND K.L. KOWALSKI, Case Western Reserve U . 
The partition-labeled many-body equations with multiple 
scattering structure are used to introduce the idea of 
generalized optical potentials U a ,$ into the theory 
and to derive well-behaved integral equations for these 
quantities. The primary usefulness of such equations 
lies in the construction of various few-cluster 
reaction models from first principles. Specifically, 
in the lowest order expansion in nuclear density we 
obtain a generalization of the coupled reaction channel 
formalism. The inclusion of effects of Pauli principle 
in the theory is also straightforward. Some possible 
applications of the present development to problems of 
practical interest are discussed. 

* 

Supported by NSF Grant PHY78-26595 

GF 15 Test of the BKLT Many-Body Scattering Theory on 
a Three-Body System , W. TOBOCMAN, Case Western Reserve U . 
The Baer, Kouri, Levin, and Tobocman many-body scatter¬ 
ing theory is applied to a system of three distinguish¬ 
able particles interacting via s-wave, two-body poten¬ 
tials. These potentials can be chosen to be separable 
with Hulthen form factors or to be local square wells. 
Both the Baer-Kouri and Kouri-Levin forms of the BKLT 
are tested. Results will be given for both bound states 
and scattering states. The contribution of the con¬ 
tinuum of 3-body states will be discussed. 


GF 16 

Pauli Principle and the Optical Potential for Elastic 

Two-Fragment Collisions . *K.L. KOWALSKI and R. GOLDFLAM. 

Case Western Reserve U .— The Pauli principle is intro¬ 
duced into the theory of the optical potential in a con¬ 
sistent manner. This is facilitated by an appropriate 
choice of off-shell extension for the two-fragment 
transition operators. Dynamical equations for the 
optical potential are derived and some low-order approxi¬ 
mations are discussed. 

^Supported by NSF Grant PHY78-26595 


I SESSION GG: INTERMEDIATE ENERGY: EXPERIMENT II 
Wednesday morning, 30 April 1980 
Rockville Room, Sheraton Washington Hotel at 9:00 A.M. 

A. Bernstein, presiding 

3 

GG 1 Measurement of p+d-> He+y and Comparison with 
the Inverse"Reaction.* B.M.K. NEFKENS, K. BABA. TH. 
S. BAUER, A. BOUDARD, W.J. BRISCOE, G. BRUGE, J.L. 
FAURE, J. GOSSET, A. HEGERATH, J.C. LUGOL. B.H. 
SILVERMAN and Y. TERRIEN, UCLA and C.E.N. SACLAY.— 
We have measured seven differential cross sections 
of the reaction pd*> 3 Hey at T p =450 and 550 MeV be¬ 
tween 52° and 92°. ^He's were analyzed by the SPES 
I spectrometer in coincidence with photons detected 
by Cherenkov counters. Our results will be compared 
with a similar measurement made by Heusch et al.,1 
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and with the inverse reaction measured by Cal. Tech. 2, 
ALS^, Bonn^, and Frascati^. 

*Supported in part (UCLA) by U.S. Dept, of Energy. 
1-C.A. Heusch et al., Phys. Rev. Lett. 37_, 405 (1976) 
and K.T. McDonald, Ph.D. thesis, Cal. Inst. Tech. 

1972 (unpublished). 

2 C.A. Heusch et al., Phys. Rev. Lett. 37^, 409 (1976) 
and R.V. Kline, Ph.D. thesis, Cal. Inst. Tech. 1973 
(unpublished). 

3a. Hegerath et al., private communication. 

^P.E. Argan et al., Nucl. Phys. A237 , 447 (1975). 

-* *P. Picozza et al., Nucl. Phys. A157 , 190 (1970). 


GG 2 Asymmetries of Pion Production in the Reaction 
p++p->pTT + n at 800 MeV.* A.D.HANCOCK^ B.HACKENBURG, E.V. 
HUNGERF0RD ? B.W.MAYES, L.S .PINSKY,J.C.ALLRED,T.M.WILLIAMS, 
U.of Houston; E.ANDRADE,^ S.D,BAKER, J.A.BUCHANAN, J.M. 
CLEMENT, M«C0PEL, M.FURl0,t D.JUDD, G.MUTCHLER, G.PEPIN, 
E.UMLAND, & G,C.PHILLIPS, Rice U.; M.McNAUGHTON, C.HWANG, 
LASL — Asymmetries for the reaction pt+p+pir + n through 
the a ++ channel have been measured in a kinematically- 
complete experiment using the LAMPF 800 MeV polarized 
proton beam. The momenturn-analyzed proton was detected 
in coincidence with the pion in a time of flight arm. 
Measurements were made at angles corresponding to A 
production angles of 0°,30°,60°,90°, and various A++ 
breakup angles. The total asymmetry show a definite 
structure as a function of A" 1- *" breakup angle. Asymmetries 
for a fixed angle pair as a function of the final state 
proton momentum also exhibit a distinct structure. 


*Supported by U.S,DOE Cont „No.DE-AS05-76ER03948 and 
, , , , „ , No,DE-AC-5-76ERO-1316 

iUniversidad de Mdxico. 

|On leave from Institute ’’Ruder Boskovid" Zagreb,Yugo¬ 
slavia 


GG 3 Measurements of Angular Distributions for the 
7T + d p + p reaction in the energy range from 20 to 

65 MeV B. Ritchie, F. E. Bertrand, M. Blecher, R. L. 
Burman, R. Carlini, R. D. Edge, K. Gotow, E. E. Gross, 

M. E. Hamm, M. J. Leitch, D. J. Malbrough, M. A. 
Moinester, F. E. Obenshain, B. M. Preedom, J. R. Wu, 

L. A. S. L. ,* 0. R. N. L. ,**, University of South 

Carolina,t V. P. I. & S. U .,t and Tel-Aviv University . 

— Angular distributions for the + d p + p reaction 
have been measured at pion laboratory energies of 
20,25,30,35,40,45,55 and 65 MeV at LAMPF. The angular 
distributions cover the laboratory angular range from 
15° to 110°. The measurements detected both protons in 
coincidence using an array of plastic scintillators. 

The target material was CO 2 . Background measurements 
were made using a CH 2 target. Relative normalizations 
at each energy were made by detecting muons resulting 
from pion decay in the beam. Absolute normalizations 
were obtained by calibrating the relative monitor at low 
intensity using two in-beam dE/dx counters. Preliminary 
angular distributions and integrated cross-sections will 
be compared to previous measurements for this reaction 
below 100 MeV. 

* Supported by D. 0. E. **Supported by D. 0. E. under 
contract with Union Carbide Corp. tSupported by N.S.F. 


GG 4 The Inclusive (y,p) Reaction in the A(1232 ) 
Region .* R. A. SCHUMACHER/ G. S. ADAMS, D. R. INGHAM, 
J. L. MATTHEWS, W. W. SAPP, R. S. TURLEY, M.I.T .; 

B. L. ROBERTS, Boston Univ .; R. O. OWENS, Glasgow 
Univ.—The inclusive photoproton spectrum from a copper 
target has been measured at a photon energy of 300 ± 

5 MeV using a bremsstrahlung difference technique. The 
measurement was made at the Bates electron linac and 
used the 900 MeV/c magnetic spectrometer to observe 
protons in the energy region 50-200 MeV at 45° and 90°. 
Nuclear photoreactions in the energy region Ey - 200- 
400 MeV are expected to be strongly influenced by the 
resonant photoproduction of the A(1232) isobar, and 
these data are expected to provide information on the 
production, propagation, and decay of the A in the 
nuclear medium. 

* Work supported by U.S. Department of Energy 
Contract #EY-76-C-02-3069 


GG 5 Inclusive Electroproduction of Low Energy Pi 
Mesons M. PAULI, A. BERNSTEIN, K. I. BLOMQVIST, S. DYTMAN, 
G. FRANKLIN, J. LIVAS, N. PARAS, and B. SCH0CH, MIT and 

J. LeROSE, K. MIN, D. ROWLEY, B. SAPP, P. ST0LER, E. J. 
WINH0LD, and P. YERGIN, RPI* -Double differential cross 
sections for the reaction e~+A-nr ± +X have been measured at 
the Bates Linear Accelerator for 17 and 29 MeV pions at 
90° from C, Ca, Nb, and Ta. Electron energy was varied 
from 190 MeV to 340 MeV. The dominant production mecha¬ 
nism is quasi-free electroproduction. A Fermi gas model 
of quasi-free electroproduction with no final state 
interaction 1 is inadequate in explaining the presence of 
cross section at high energy. A Monte Carlo code which 
includes true absorption and inelastic scattering for the 
pion final state interaction is being used to examine the 
importance of pion energy loss in the residual nucleus. 

*Supported by DOE Contract EY-76-C-02-3069 
**Supported by NSF Grant No. PHY77-09408 
MacDonald et al Phys. Rev. C19 #2 p. 455 (1979) 

GG 6 Differential Cross Sections for the (Y,tt + ) 

Reaction in the A (1236) Region .*-P. E. BOSTED, 

K. I. BLOMQVIST, A. M. BERNSTEIN, S. A. DYTMAN AND 

B. N. SUNG, M.I.T .-We report the first (y, 71+) 

experiment in the A region leaving the nucleus in 
a discrete final state. Reactions studied were 
10 B (y,TT + ) 10 Be and 16 0 (y, tt + ) 1 6 n. The measurements 
were performed at 90° lab angle for pion kinetic 
energies from 85 to 205 MeV in 20 MeV steps. For 
10 Be, the transition to the ground and first ex¬ 
cited states were observed separately. For 16 N, 
the transitions to the four lowest lying states 
were summed. The data are found to be in good 
agreement with a DWIA calculation (ref. 1) for 
1°B. One calculation (ref. 2) is in good agree¬ 
ment for 16 0 while another (ref. 3) is low by a 
factor of about 2. 

1. M. Singham et al; Phys. Rev. Lett. 20(1979)1476 
and private communication. 

2. V. Devanathan et al; preprint. 

3. A. Nagl and H. Uberall; Photopion Nuclear 
Physics ; P. Stoler ed.; 1979, p. 155 and 
private communication. 

* Supported in part by U.S. DOE Contract 
EY-76-C-02-3069. 

GG 7 Using Inelastic Scattering Data to Determine 
True Absorption Probabilities for Pions in Nuclear" 

Matter. D. CHIANG, I. HALPERN and G.A. MILLER, Univer¬ 

sity of Washington- -The results of recent measurements- 
of total inelastic scattering cross-sections of pions 
have been, used in a semi-classical model of the scatter¬ 
ing in order to understand some elementary features of 
the interaction of pions with nuclear matter. From the 
magnitudes of these cross-sections one can deduce the 
mean value of a parameter which measures the chance 
that the pion is absorbed rather than inelastically 
scattered when it undergoes a non-elastic interaction 
within the nucleus. The values obtained for this para¬ 
meter from data for the scattering of 67 MeV positive 
pions are roughly the same for a series of nuclei from 
calcium to lead. 

*D. Chiang et al., VIII th Conference on High Energy 
Physics and Nuclear Structure, Vancouver (1979). 


GG 8 Excitation of Unnatural Parity States in 12 C by 
800 MeV Polarized Protons.* J.M. MOSS, R. BOUDRIE, W.D. 
CORNELIUS, H.A. THIESSEN, Los Alamos Scientific Labor- 
atory; F. T. BAKER, W.G. LOVE, A. SCOTT, University of 
Georgia; N. HINTZ, G. KYLE, University of Minnesota ; 

C. GLASHAUSSER, Rutgers University; G.W. HOFFMANN, 
University of Texas .--Cross sections and analyzing powers 
have been measured for 800 MeV proton inelastic transi¬ 
tions to unnatural parity states in ' 2 C. Data for the 
15.11 MeV 1 + , T=1 state are well explained by a 
distorted wave impulse approximation calculation based on 
proton-neutron charge exchange^cross sections. Negative 
analyzing powers were observed'for the first time at 
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800 MeV, for the 12.71 MeV 1 + , T=0 state. Values of A y 
appear to be characteristic of the isospin transfer, and 
support isospin assignments for states at 18.3 and 19.4 
MeV. 

*Work supported by the U.S. Department of Energy. 

GG 9 Collective States in 26 Mg Excited by 0,8 GeV 
Protons * G, Blanpied; 1 ’ 2 N. Hintz" G. Kyle, M, Franey, 

S. Tripp, and D. Dehnhard; 3 G. W. Hoffmann; 4,5 M, 

Barlett, J, McGill, aid L, Hay; 4 G. Daw. 2 Angular 
distributions of protons exciting states of excitation 
up to about 12 MeV in 26 Mg have been obtained using the 
High Resolution Spectrometer at LAMPF. Coupled channels 
analyses similar to those done earlier for 24 Mg data 6 
have been performed for the low-lying states. The 
characteristic first maxima in the inelastic angular 
distributions have enabled us to make several new 
assignments for states from 7 to 10 MeV. The results 
will be discussed. 

*Research supported in part by the U. S. National Science 
Foundation, the U. S. Department of Energy ? and the 
Robert A. Welch Foundation. 

1 University of South Carolina, Columbia, SC 29208 

2 New Mexico State University, Las Cruces, NM 88003 

3 University of Minnesota, Minneapolis, MN 55455 

4 University of Texas, Austin, TX 78712 

5 Los Alamos Scientific Laboratory, Los Alamos, NM 87545 

6 L. Ray, et al., Phys. Rev C20, 1236 (1979); 

G. Blanpied, et al., Phys Rev C20, 1490 (1979). 

GG 10 One-Neutron Removal Cross Sections for 2 Ge 
Protons .* 07 M. McCULtAGH, JOHN C. HILL, F. K. 

W0HN, and M. T. MERCIER, Ames Laboratory-USDOE a 
Iowa State Universit y, A. SMITH, Lawrence Berke1 
Laboratory.--We report here the results of the 
first in a series of experiments to measure 
Coulomb dissociation effects in relativistic hea - 
ion reactions. Targets of Co, Y, Au, and U were 
bombarded with 2 GeV protons from the Bevatron. 
The residual y-ray activity was counted to estab 
lish cross sections for the (p,p'n) reaction. T] 
beam intensity was monitored using lie from the 
^C(p,p'n)llC reaction and corrections were made 
for secondary reactions in the target. Prelimi¬ 
nary cross sections of 52, 60, 68, and 59 mb wer< 
obtained for the Co, Y, Au, and U cross sections 
respectively. These values will be compared wit 
the results of a simple Glauber calculation^-) fo 
one-nucleon removal processes, The Glauber pic¬ 
ture, although rather successful at low A, pre¬ 
dicts cross sections that are too large for the 
high A targets. Possible explanations for this 
result will be presented. 

*Work supported by USDOE. 

l)j. p. Vary, private communication. 

GG 11 Exclusive Charged-Particle Production Accompany¬ 
ing Emission of Particles in the Backward Direction in 
2.1 GeV Proton-Nucleus Interactions.* J. W. HARRIS, J. 

V. GEAGA, A. SANDOVAL, L. S. SCHROEDER, H. STELTZER, 
and R. STOCK, Lawrence Berkeley Laboratory and Gesell- 
schaft fur Schwerionforschung -- Exclusive production 
of charged-particles (p,7T-) in coincidence with protons 
and pions emitted at 9i a b>90 o has been studied using 
the Berkeley Streamer Chamber. This study was under¬ 
taken to obtain more-complete event information for 
backward production processes which are kinematically 
forbidden in free nucleon-nucleon interactions. Such 
information is vital toward understanding the dominant 
reaction mechanisms for these processes. Approximately 
10,000 events, triggered on a backward-emitted particle, 
were recorded in the reactions of 2.1 GeV protons with 
C, KC1, and Bal 2 » The mean charged-particle multiplic¬ 
ities associated with a backward trigger particle from 
these targets were observed to be< M tot > = 4.2, 5.2, 
and 6.0 respectively. Results of the scanning and full 
event reconstruction will be reported and the implica¬ 
tions on proposed theoretical models will be discussed. 

* Work supported by Nucl. Phys. Div. of the U. S. Dept, 
of Energy under Contract No. W-7405-ENG-48. 


GG 12 Inclusive Pion Scattering. S. J. SANDERS, 

R. D. McKEOWN, J. P. SCHIFFER, H. E. JACKSON, M. PAUL, 

J. R. SPECHT, E. J. STEPHENSON, Argonne Nat. Lab. ,* 

R. P. REDWINE, MIT, and R. E. SEGEL, Northwestern Univ.- 
The charged pions from 100, 160 and 220 MeV tt + and tt“ 
on targets with 4 £ A £ 181 have been measured over 
15° £ 0 ^ 150°. A plastic-Nal telescope gave good pion 
identification without the energy being determined. 

For 0 > 30° the inclusive pion yields are much greater 
than the elastic cross section. If one were to assume 
that the large back-angle pion yield is from the quasi- 
free tt-N process there should be a correspondence 
between the pion yield and the forward protons. A 
preliminary analysis indicates that the forward proton 
yield is significantly smaller than expected from the 
quasifree process. 

*Work supported by the U. S. Department of Energy. 

GG 13 Prompt y Rays from 720-MeV a T s Incident on Ca.* 
C.E. STRONACH, Va. Stat e U.; B.J. LIEB, George Mason U.; 

H. O. FUNSTEN & D. JOYCE, Coll, of Wm. & Mary ; H.S. 
PLENDL, Fla. State U. ; V.G. LIND, Utah State U. ; B. KOH¬ 
LER, U. of Alberta .—720-MeV a’s from the SREL synchro¬ 
cyclotron* struck a Ca target and the prompt y-ray spec¬ 
trum was taken with a Ge(Li) detector. Relatively large 
cross sections were observed for the first two excited 
states of 39 Ca and 39 K, the first 1 + state of 38 K, the 
first 4“ state of 38 Ar, the 7 /2“ levels of 37 Ar and 
35 C1, and the first 2 + levels of 36 Ar, 34 S, 32 S, and 
28 Si. 720-MeV a’s appear to be more effective in remov¬ 
ing 3-5 nucleons from 40 Ca than 200-MeV tt 1 , but the tt ± 
are more effective in removing 8-l6 nucleons. Comparison 
with results from similar experiments utilizing 140-MeV^ 
and 1.6 GeV^ a's will also be given. 

I. M.D. Glascock et al., Phys. Rev. C19 (1979) 1577. 

2. T. Shibata et al., Nucl. Phys. A308 (1978) 513. 
^Supported by NASA, NSF, and the Commonwealth of Vir¬ 
ginia. 

GG 14 Quasi-Elastic e-d Scattering at High Q 2 .* 

R. YORK, R. ARNOLD, B. CHERTOK, S. ROCK, I. SCHMIDT, 

Z. SZALATA and R. ZDARKO, Stanford Linear Accelerator 
Center and American University , and B. MECKING, 
Universitat Bonn — We have measured the inclusive 
single-arm electron-deuteron cross section at 
2.5 < Q 2 < 10.0 (GeV/c) 2 and -0.6 < W 2 < 1.8 (GeV/c) 2 
in the e-nucleon, quasi-elastic region for the purpose 
of extracting the electron-neutron elastic cross 
section. High energy electron beams at the Stanford 
Linear Accelerator Center (SLAC) were used. The 
scattered electrons were detected at 10° by the SLAC 
20 (GeV/c) spectrometer. Preliminary results for the 
radiatively corrected data and extracted values of 
the elastic electron-neutron cross sections will be 
discussed. 

* Research supported by NSF Grant PHY78-09378 and 
DOE Grant DE-AC03-76SF00515. 

I SESSION GH: STRONG INTERACTIONS I 
Wednesday morning, 30 April 1980 
Arlington Room, Sehraton Washington Hotel at 9:00 A.M. 

M. Gilchriese, presiding 

GH 1 Abstract withdrawn. 

GH 2 Search for Narrow pp States in the Reaction 
TT p + PTT pp at 16 GeV/c.* M. WINIK, Z. BAR YAM, J. 
BENSINGER, J. BUTTON-SHAFER, S.U. CHUNG, S. DHAR, J. 

DOWD, A. ETKIN, R. FERNOW, K. FOLEY, J.H. GOLDMAN, 

W. KERN, H. KIRK, J. KOPP, M. KRAMER, A. LESNIK, S.J. 
LINDENBAUM, W. LOVE, U. MALLIK, T. MORRIS, W. MORRIS, 

S. OZAKI, E. PLATNER, S.D. PROTOPOPESCU, A. SAULYS, 

D. WEYGAND, D. WHEELER, E. WILLEN, + Brookhaven 
National Laboratory , Brandeis U ., C.C.N.Y ., U. of Mass ., 
Southeastern Mass. Univ .—A high statistics study of the 
pp system produced via baryon exchange in the reaction 
7r"p + p7r“ pp at 16 GeV/c is currently being carried out 
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with data obtained using a fast forward proton trigger 
at the BNL Multiparticle Spectrometer. Preliminary 
results of this study, with sensitivity ^ 4 evts/nb, 
will be presented and compared with the CERN (2 
Spectrometer results on the same reaction at 9 and 12 
GeV/c. 

Research supported by the U.S. Department of Energy, 
the National Science Foundation, and the City Univ. 
of New York PSC-BHE Research Award Program. 

^Submitted by S.U. Chung. 

GH 3 Search for Narrow States in pp Annihilation 
in the Mass Region 1920-1960 MeV* *+ E. Jastrzembski, 

W. K. McFarlane, L. B. Auerbach, N. Haik, 

V. L. Highland, Temple University , M. Mandelkern 
D. C. Schultz, J. Schultz, U. C. Irvine , C. Amsler, 

B. D. Dieterle, C. C. Herrmann, C. P. Leavitt and 
D. M. Wolfe, University of New Mexico .—A search for 
narrow pp states around the S(1936) region has been 
made using a new technique at the new Low Energy Sep¬ 
arated Beam (LESB II) of the Brookhaven AGS. By 
using a fixed antiproton beam momentum and a long 
liquid hydrogen target annihilations were collected 
at a wide range of momenta (400-600 MeV/c). The 
momentum at interaction was defined by incident momen¬ 
tum and depth of the interaction in the target. 

The final resolution for the invariant mass at inter¬ 
action was 'v 2Mev. No enhancements of the cross- 
section for annihilation were seen. 

*Work supported in part by the U. S. Department of Energy 
♦Submitted by W. K. McFarlane 

GH 4 Production ofTr ot s in tt ~-p and Tr~-Ne Colli - 
sions at 200 GeV. * W. D. WALKER, H. R. EAND, 

P. W. LUCAS, W. J. ROBERTSON, C. R. SUN, Duke 
tJ.--We have counted and measured 7-ray produced 
electron pairs coming from Tr”-p and ir"-Ne collisions 
at 200 GeV. We have also made a compilation of data 
from other experiments. Our results show, as do 
other experiments, a rising number of it °'s as the 
multiplicity of charged particles increases. We have 
made an attempt to remove the effects of diffraction 
dissociation. When we do this we find a very weak 
correlation between the number of charged pions and 
neutral pions. A comparison of the u~-p and 7T"'-Ne 
collisions is also made. 

* 

Work supported by the U. S. Department of Energy. 

GH 5 Studies of Photon Production in 16 GeV/c tt + p 
Interactions. * R. K. CLARK, M. BARLOW, R. 
DIAMOND, S. HAGOPIAN, V. HAGOPIAN, Florida 
State U. , G. CONDO, T. HANDLER, U. of Tennessee , 
M. FERGUSON, L. FORTNEY, N. MORGAN, Duke 
U^—High energy photon production is being studied in 
16 GeV/c ir + p interactions using the triggered SLAC 
40” bubble chamber. The trigger requires the deposi¬ 
tion of 8 GeV of neutral particle energy in the Pb-glass 
shower detector of the previous paper, which for this 
experiment was located 4. 5 M behind the bubble cham¬ 
ber. Preliminary results on the reconstruction of 
photon showers in the Pb-glass and on the sources of 
photon production will be presented. 

*Work supported by the U. S. Department of Energy. 

GH 6 The Reaction Tr + p^Tr + pTr ° (fast) at 16 GeV/c.* 

T. GLANZMAN, W. WALKER, Duke U. , I. J. KIM, 
C.-R. SUN, SUNY at Albany , H. COHN, ORNL, E. 
HART, U. of Tennessee , J. LANNUTTI, Florida State 

U. — The reaction tt + p — tt+pit ° with a beam momentum 
of 16 GeV/c and tt ° momentum of 8 GeV/c or greater 
is being studied in the SLAC hybrid facility. The com¬ 
plete Tr+pTr ° final state is dominated by the dissocia¬ 


tion of the target proton into a slow pTr ° combination, 
and has been studied in bare bubble chamber experi¬ 
ments. The new results use the photon detector dis¬ 
cussed in the previous papers to isolate the contribu¬ 
tion of fast single tt °'s from a predominant multineu¬ 
tral background; such a separation cannot be accom¬ 
plished by the bubble chamber alone. Examples will 
be presented of the utility of the photon detector in 
isolation of this final state. Preliminary results on 
cross-section and dynamics, particularly the A+ + tt 0 
sub state, will be given. 

*Work supported by the U. S. Department of Energy. 

GH 7 inclusive Strange Resonance Production in 147 GeV/c 
tt + p, K+p, and pp Intexactions. * P. STAMER, 

M. KALELKAR, P. MILLER, Rutgers U. ; D. BRICK, 

A. SHAPIRO, Brown U. ; R. ANSORGE, B. WHYMAN, 
Cambridge U. ; H. RUBIN, I. I. T. ; R. PLUMER, U. of Ill . ; 

E. D. ALYEA, Ind. U. ; A. PEVSNER, JHU; D. HUANG,t 

T. STOUGHTON, M. I. T. ; V. HENRI, J. LESCEUX, 

U. of Mons; H. DE BOCK, M. SCHOUTEN, U. of Nijmegen; 

H. COHN, ORNL ; S. RATTI, U. of Pavia ; S. TAYLOR, 

Stevens Inst. ; L. BERNY, Technion; J. GRUNHAUS, 

Tel-Aviv U. ~; T. HANDLER, U. of Tenn. ; A. SHAPIRA, 
Weizmann Inst. ; D. LJUNG, Yale U. -- We have made a 
study of inclusive K*(890) and Y*(l385) production in 

147 GeV/c tt+p, K+p, and pp interactions in the Fermilab 
30” bubble chamber using the hybrid spectrometer system. 
Results will be presented and comparisons will be made 
of production by the three beam types. 

* Work supported in part by U. S. DOE, U. S. NSF, the 
Dutch FOM, U. S. -Israel BSF, and the Italian INFN. 

•f Permanent address: Inst, of H. E. Phys. , Beijin, China. 

GH 8 Avera ge Inclusive Charged-Particle Multiplicities 
in tt + p. K +p, and pp Interactions at 147 GeV/c. * 

M. WIDGO'FF. H. RUDNICKA, Brown U . rIANSORGE , 

B. WHYMAN, Cambridge U, ; R. BURNSTEIN, I. I. T. ; 

R. SARD, U. of Ill. ; E. D. ALYEA, Ind. U. ; C. -Y. CHIEN, 
JHU; V. KISTlAK'OWSKY, D. THAYER, Y. WU,t M. I. T. ; 

R. WINDMOLDERS, F. GRARD, U. of Mons ; W. KITTEL, 

R. VAN DE WALLE, U. of Nijmegen; H. COHN, ORNL ; 

E. CALLIGARICH, U. of Pavia ; f7 JACQUES, 

M. KALELKAR, Rutgers U. ; E. B. BRUCKER, Stevens 
Inst. ; T. GOLDBERG, Technion; D. LISSAUER, Tel-Aviv U . ; 
ErHART, U. of Tenn. ; U. KARSHON, Weizmann Inst. ; 

T. LUDLAM, Yale U. -- The dependence of the average 
charged-particle multiplicities, <n ) , in tt+p, K+p, and 
pp inclusive interactions (a + b c -t- X) at 147 GeV/c on the 
invariant mass of the system X, M , and the four- 
momentum transfer, t, is compared with previous results 
for tt+p inclusive interactions at 147 GeV/c. 1 
t Permanent address: Inst. ofH. E. Phys., Beijin, China. 
1 PHSC, Phys. Rev. Lett. 37, 736 (1976); D. Brick et al., 
Phys. Rev. D19, 743 (1975). 

*Work supported in part by U. S. DOE, U. S. NSF, the 
Dutch FOM, U. S. -Israel BSF, and the Italian INFN. 

GH 9 Study of the Tr°ir° System Produced in the 

Reaction tt+p —• ~Nt 0 tt° at 8 GeV/c. t v A. E. 
BAUMBAUGH, M. U. AHMED, P. E. CANNATA**, 

N. M. CASON, J. M. BISHOP-, N. N. BISWAS, V. P. 
KENNEY, R.C. RUCHTI, W. D. SHEPHARD, U. of 
Notre Dame, J. M. WATSON, Argonne Nat'l. Lab. 

A sample of some 35, 000 events of the type 
ir+p — A++ 7 r 0 7 r° has been obtained using the Argonne 
streamer chamber and a lead glass hodoscope. The 
Tr°Tr° system is studied with good statistics and mass 
resolution up to 2.3 GeV. Results of a moments 
analysis are discussed with particular emphasis on 
the data between Tr°Tf° masses of 1. 1 and 1.7 GeV/c^. 

t Submitted by N. M. Cason. 

* Supported in part by the National Science Foundation. 

Present address - Bell Laboratories, Murray Hill, 
New Jersey. 
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GH 10 Neutral Particle Production in 4. 1 GeV/c 

PP Interactions Using the 12-foot Bubble Chamber 

withTSTP N. C. YANG, N. N. BISWAS, V. P. 

KENNEY, J.M. BISHOP, N. M. CASON, R. C. 

RUCHTI, W.D. SHEPHARD, Notre Dame U , , W. M. 
BUGG, G. T. CONDO, T. HANDLER-, E. L. HART, 

U. of Term. , H. O. COHN, Oak Ridge Nat'l. Lab. , 

K. JAEGER, Argonne Nat'l. Lab. , G.I. OPAT, J. W. 
G. WIGNALL, S. N. TOVEY, G. C. MASON, L. J. 
MARTIN, G. CHAPMAN, J. KEREN, U. ofMelbourne . 

A track-sensitive target filled with hydrogen has 
been used with the Argonne 12-foot bubble chamber to 
study neutral particle production in pp interactions. 
The chamber filling was a Ne/H 2 mixture with a mean 
conversion probability of 0. 56/ y. Preliminary 
results are reported for a sample of events which 
contain one and only one event either in the TST or 
outside. 

t Submit ted by N. N. Biswas. 

Supported in part by the National Science Foundation 
and the U.S. Atomic Energy Commission. 

GH 11 The OZI Rule and the Reactions Tr + n-*-<j)p and 
7r + p-»-(i)A' H ~ at 10 GeV/c.* J.S. Hendrickson, D.L. Denney, 

M.S. Gorbics, E.W. Anderson, H.B. Crawley, A. 

Firestone, W.J. Kernan, J.W. Lamsa, W.T. Meyer, and 
D.L. Parker, Ames Lab.-USDOE and Dept, of Physics, Iowa 
State Univ., Ames, IA 50011 , J.W. Chapman and A.A. 

Seidl, Univ. of Michigan, Ann Arbor, MI 48104 —We 
present preliminary data on the first physics results 
from an experiment using the Large Aperture Solenoid 
Spectrometer (LASS) at SLAC. A beam of 10 GeV/c tt + 
mesons was incident on a deuterium target, and over 5 
million primary physics triggers were recorded on 
magnetic tape. We report on a sample of events of the 
OZI-rule violating reactions ir+n-^p and ir+p-xJ^A 4 " 1 ', with 
cf^-^K'hr' and A ++ ->p7r + , for which we have measured the 
differential cross sections. These data are compared 
with previously existing data on the corresponding 
OZI-rule obeying reactions in which the final state 
vector meson is either or p°. 

*Work supported by the U.S. Department of Energy and 
National Science Foundation. 

GH 12 Measurement of the Elastic Proton-Proton Differ¬ 
ential Cross Sections for Pure Helicity States at 11.75 
GeV/c. R. WAGNER, I. P. AUER, E. COLTON, W. R. DITZLER, 

ft. HILL, H. SPINKA, G. THE0D0SI0U, K. T0SHI0KA, D. 
UNDERWOOD, A. Y0K0SAWA, Argonne National Lab. , N. TAMURA, 
Kyoto U. , J. TAVERNIER, U.of Grenoble .*~We have used a 
longitudinally polarized 11.75 GeV/c proton beam and a 
longitudinally polarized proton target to measure the 
difference between the p-p elastic differential cross 
sections for parallel and antiparallel spin states at 
c.m. angles of 10° to 90°. A spectrometer arm momentum 
analyzed forward going particles and the recoil proton 
direction was determined by a set of three MWPC's. Two 
scintillator hodoscopes in the forward arm were used to 
make a weak momentum requirement on particles traversing 
the spectrometer. This requirement was combined with 
signals for a coarsely segmented recoil hodoscope to 
define the elastic trigger. Forward and recoil particle 
trajectories were reconstructed and elastic events se¬ 
lected on the basis of forward particle momentum, 
coplanarity, elastic kinematics, and target cuts. A 
preliminary analysis of the data taken in the c.m. an¬ 
gular region of 50° to 90° is presented. 

*Work supported by the U.S. Department of Energy. 

GH 13 Observation of Inclusive tt 1 Production in Proton- 
Proton Scattering from Pure Spin States at 11.75 GeV7c^ ~ 

W. R. DITZLER, I. P. AUER, E. COLTON, D. HILL, H. SPINKA, 

G. THE0D0SI0U, K. T0SHI0KA, D. UNDERWOOD, R. WAGNER, A. 
Y0K0SAWA, Argonne National Lab. , N. TAMURA, Kyoto U. , J. 
TAVERNIER, Ul of Grenoble .We have used a longitudinal - 
ly polarized proton target to measure the asymmetry of 


inclusive tt 1 production for parallel and antiparallel 
spin states. Pions traversing a spectrometer arm with a 
momentum greater than 3 GeV/c were selected by a hodo¬ 
scope matrix and a Cerenkov counter. The spectrometer 
accepted pions with pj - 1.0 - 2.0 GeV/c. Free protons 
constituted roughly 10% of the ethylene glycol target 
and data were taken with carbon and polyethylene targets 
for background subtraction. Results of a preliminary 
analysis are presented. 

*Submitted by D. Hill 

+Work supported by U.S. Department of Energy. 

GH 14 Measurement of the Spin Parameters A and A nn in 
pp Elastic Scattering in the 1-3 GeV/c Region .* H.E. 
MIETTINEN, J.A. ^UCHANAN, M.M. CALKIN, J.M.CLEMENT, W.H. 
DRAGOSET, M.FURIC, K.A.JOHNS, J.D.LESIKAR, T.A.MULERA, 
G.S.MUTCHLER, J.B.ROBERTS, and G.C.PHILLIPS, Rice Univ .— 
We have measured the asymmetry parameter A and the spin 
correlation parameter A nn in pp elastic scattering, using 
the Argonne ZGS polarized proton beam and a polarized 
proton target. The angular distributions of A and A nn 
were obtained at nine momenta between 1.14 and 2,75 GeV/c, 
Results on the angular and energy dependence of these 
parameters will be presented and discussed . 

*Supported by U,S,DOE Contract No, DE-AS-5-76ER05096, 

GH 15 Energy Independent Features of Angular Distribu¬ 
tions in P-Emulsion Collisions, 30-200 GeV . R.E. GIBBS, 
Eastern Washington University ; J.J. LORD, J.W. MARTIN, 
and R.J. 'WILKES, Universit?^ of Washington .*—In an ear¬ 
lier result, 1 the function f (N h ) = logy^ + <logtan0> was 
shown to have the same empirical form, f(Nft) = 
a(l + SN h )/(l + 6N h ), at 30 and 200 GeV. This form is now 
understood as resulting from secondary collisions which 
contribute values of -<logtan0> less than logy^ by 
about B = .8, independent of primary energy and Njj. The 
value of a is calculated from the work of Kim, 2 and de¬ 
pends on the transverse momentum and particle mass dis¬ 
tributions of final state particles. 6=b/a, where R = 
a + bNjj is the ratio of the average multiplicity at a 
given Njj to that in hydrogen. The parameter $ is relat¬ 
ed to B. These results are compared to a similar formu¬ 
lation based on the work of Dar, et al. 3 for data at 
200-400 GeV. 

^Supported by DOE contract EY-76-5-06-2225, TA#27. 

1 R.E. Gibbs, et al., Phys. Rev. DIP , 783 (1974). 

2 C.O. Kim, Phys. Rev. 158 , 1261 ( 1967 ). 

3 A. Dar, et al., Proc. l6th Int. Cosmic Ray Conf. 
(Kyoto), Vol. 6, 187. 

GH 16 Angular Correlation Between the Particles 
Produced at High Energies . P. L. Jain, G. Das, 

Y. Aliakbar and B. T. Cheng. SUNY at Buffalo , 

N.Y. - We report the correlation between the 

azimuthal difference A(j>- and rapidity 

difference Ari= | iv-r^ I between the charged par¬ 
ticles produced in proton-nucleon interactions 
at 200, 300 and 400 GeV and pion-nucleon inter¬ 
actions at 200 GeV by following along-the-track 
method in G-5 nuclear emulsion. We find that 
the short-range rapidity correlation persists 
over the full A<J> range. We also find that the 
rapidity correlation Ar) = 0 is strongest when 
two particles are produced in the same or in 
opposite direction in transverse plane. The 
events which contribute to this correlation 
are studied from the point of view of jet 
production and the details of these investi¬ 
gations are presented. 

GH 17 Measurement of the pp Total Cross Section in Pure 
Transverse Spin States in the 1-3 GeV/c Region .* J.D. 
LESIKAR, D.A,BELL, J.A.BUCHANAN, J.M.CLEMENT, W.H.DRAGO¬ 
SET, M.FURld,f H;,E,MIETTINEN, T,A.MULERA, G.S.MUTCHLER, 

J.B.ROBERTS, S,E.TURPIN, and G.C.PHILLIPS, Rice Univ , r~ 

We have measured the total cross section difference for 
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pp scattering in initial spin states transverse to the 
beam direction at beam momenta of 1.12, 1,22, 1,34, 1,50, 
1.75, 1.90, 2,25, and 2.75 GeV/c, This measurement was 
done in a standard transmission experiment. The data 
confirms the structure previously seen in Aa T » 

*Supported by U.S.DOE Contract No, DE-AS-5-76ERQ5096 
£0n leave from Institute ’’Ruder Boskovid" Zagreb, Yugo¬ 
slavia 


( SESSION Gl: GALACTIC COSMIC RAYS II 
Wednesday morning, 30 April 1980 
Tudor Room, Shoreham-Americana Hotel at 9:00 A,M. 
J. Linsley, presiding 


GI1 Charge Composition of Galactic Cosmic Rays at 
High Energies . I.B. LUNDGAARD RASMUSSEN, Danish Space 
Research Institute, and The CEA/DSRI Collaboration for 
HEAOr-The CEA/DSRI cosmic ray isotope spectrometer 
launched on the HEAO-3 satellite on September 20, 1979, 
is designed to measure the elemental and isotopic 
composition of galactic cosmic rays at high energies. 

We report some preliminary results based on data from 
the first five months of the mission. The instrument, 
consisting of five Cerenkov counters and a flash tube 
hodoscope, allows precise determination of charge and 
energy over the energy range from 0.5 to 20 GeV/nucl 
for charges 4-50. The collecting power, 700 cm 2 ster, 
and the excellent charge resolution (a=0.15 charge 
units at iron) make it possible to determine the 
abundances of all elements from Be to Cu as a function 
of the energy. 

GI 2 Aspects of Cosmic Ray Energy Measurement in 
HEA0-C2 . N. LUND, Danis h Space Research Institute and 
The CEA/DSRI Collaboration for HEAP .--Isotope analysis 
of galactic cosmic rays, using the geomagnetic method, 
requires the velocity of each observed particle to be 
measured to some precision. In the HEA0-C2 cosmic ray 
isotope spectrometer the velocity is determined from 
the signals in three Cerenkov counter: Teflon (n=l.33), 
silica aerogel in mosaic form (n = 1.05), and granular 
silica aerogel (n = 1.015). The technique used as well 
as the problems involved will be illustrated using data 
from observed particles. 

GI 3 HEA03-C2 Measurement of the Relative Ab undance 
of the Rare Elements from Oxygen to Calciurn . P. GORET, 
CEA-Saclay and The CEA/DSRI Collaboration .--The good 
quality of the HEA03-C2 data enabled us to derive 
preliminary results on the relative abundances of the 
rare odd nuclei F, Na, P, Cl, K in relativistic cosmic 
rays. These elements of purely secondary origin give 
important clues for the understanding of cosmic ray 
propagation in the galaxy. 

GI 4 HEA03-C2 Measurement of the Iron Peak Abundances 
(Ca to Ni) in Galactic Cosmic Rays . L. KOCH, CEA-Saclay 
and The CEA-DSRI Collaborat ion .--The high charge 
resoTution (smaller 0.15 charge units) and good 
statistics of the HEA03-C2 experiment permits an 
accurate determination of the elemental abundances 
from Ca to Ni in relativistic cosmic rays. These 
results, combined with recent cross section measure¬ 
ments will improve our ideas about the origin and 
propagation of galactic cosmic rays. 


GI 5 Cosmic-Ray Elemental Abundances and Energy 
Spectra for 14 ^ Z £ 26: HEAO-3 Heavy Nuclei Experiment . 

W.R. BINNSM. FICKLE c , T.L. GARRARD*, M.H. ISRAEL d , J. 

KLARMANN d ,E.C. ST0NE a ,C.J. WADDINGTON 0 —The Heavy Nuclei 
Experiment on NASA satellite HEAO-3 is designed to meas¬ 
ure cosmic-ray elemental abundances and energy spectra 
for 14 ^ Z £ 96 and beyond. Preliminary results will be 
presented for relative abundances and energy spectra of 
individual elements in the interval 14 £ Z ^ 26 with 
energies between 0.4 and 1 GeV/amu, and will be compared 


with elemental abundances above 10 GV. Previous results 
from detectors at balloon altitude have shown a decrease 
in the abundance of the group of iron-secondary elements 
relative to iron at high energies. Our results are ob¬ 
tained outside the atmosphere, with excellent charge 
resolution (a = 0.3 charge units) and very high statis¬ 
tics (data on several million nuclei will be presented). 

*Supported by NASA Contracts NAS8-27976, 7, 8 and grants 
NGR 05-002-160, 24-005-050, and 26-008-001. 
a California Institute of Technology, Pasadena, CA 
b McDonnell Douglas Research Laboratories, St. Louis, MO 
c University of Minnesota, Minneapolis, MN 
d Washington University, St. Louis, MO 

GI 6 Abundances of Iron-Group Elements, 26 < Z ^ 30 , 
in the Cosmic Rays; HEAO-3 HeavY Nuclei -Experiment* . 

J. KLARMANN d , E.C. ST0NE a , C.J. WADDINGTON c , W.R. BINNS b , 
R. FICKLE C , T.L. GARRARD a , M.H. ISRAEL 0 * — This instru¬ 
ment, consisting of ion chambers and Cerenkov counters, 
is well suited for the determination of cosmic-ray abun¬ 
dances in the near-iron region. The cobalt abundance 
serves as an indication of the time elapsed between syn¬ 
thesis and acceleration of cosmic raysl Previous results 
on zinc abundances^ showed an underabundance at low ener¬ 
gies by a factor of two relative to Cameron3solar-system 
abundances. We shall present preliminary results from 
the HEAO-3 Heavy Nuclei Experiment both at low energies 
(< 1 GeV/amu) and at high rigidities (> 10 GV). 

* Supported in part by NASA Contracts NAS8-27976, 7, 8 
and grants NGR 05-002-160, 24-005-050, and 26-009-001. 

a California Institute of Technology, Pasadena, CA 
b McDonnell Douglas Research Laboratories, St. Louis, M0 
c University of Minnesota, Minneapolis, MN 
d Washington University, St. Louis, M0 

1 Soutoul et al. Ap. J. 219, 753, 1978. 

2 Tueller et al. Ap. J. 228, 582, 1979 

3 Cameron, A.G.W. Space Sci Rev 15, 121, 1973. 

GI 7 Relative Abundances of Cosmic-Ray Nuclei with 
30 < Z ^ 60; HEAO-3 Heavy Nuclei Experiment* . E.C. 

STONE 3 , C.J. WADDINGTONC, W.R. BINNS b , R. FICKLE c , T.L. 
GARRARDa, m.H. ISRAEL* 1 , 0. KLARMANN d — The first results 
from the HEAO-3 Heavy Nuclei Experiment on the relative 
composition of the more abundant elements with 30 < Z ^60 
will be reported. The elemental composition in this 
charge range is expected to provide a sensitive indica¬ 
tion of the relative contributions of various nucleo- 
synthetic processes to the ultraheavy cosmic rays. For 
example, s-process material should exhibit significant 
abundances of 3 gSr and ijgBa, while 34 Se, 52 Te and 54 X 0 
would be more abundant in r-process material. 

* Supported in part by NASA Contracts NAS8-27976, 7, 8 
and grants NGR 05-002-160, 24-005-050, and 26-009-001. 

a California Institute of Technology, Pasadena, CA 
b McDonnell Douglas Research Laboratories, St. Louis, M0 
c University of Minnesota, Minneapolis, MN 
d Washington University, St. Louis, M0 

GI 8 Cosmic-Ray Abundances for Z > 60; HEAO-3 Heavy 
Nuclei Experiment*. C.J. WADDINGT0N c , W.R. BINNS B , 

R. FICKLEC, T.L. GARRARD 9 , M.H. ISRAEL^, J. KLARMANN d , 
E.C. STONE 9 -- By the time of the Washington meeting our 
detector of ultraheavy cosmic-ray nuclei will have flown 
on HEAO-3 for seven months, accumulating a total useful 
exposure of approximately 2.5 m^ sr yr. Not all of these 
data will be available for analysis by the meeting, and 
we will present preliminary results on those nuclei 
which have been identified with some confidence by this 
time. The charge interval above 60 is expected to 
provide a test of the r- and s-process contributions 
with the r-process producing a peak at 7 gPt and the 
s-process contributing heavily at g?Pb. The abundance 
of actinide nuclei relative to the Pt peak is a test of 
r-process models. 

♦Supported in part by NASA Contracts NAS8-27976, 7, 8 
and grants NGR 05-002-160, 24-005-050, and 26-009-001. 
a California Institute of Technology, Pasadena, CA 
b McDonnell Douglas Research Laboratories, St. Louis, M0 
c University of Minnesota, Minneapolis, MN 
d Washington University, St. Louis, M0 
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G1 9 The Elemental Composition of Cosmic-Ray Nuclei 
from 1-10 GeV/nuc for 7 < Z -*■ 28.* ROBERT DWYER and 
PETER MEYER, University of Chicago .— Studies of the 
elemental composition of cosmic-ray nuclei provide infor¬ 
mation on galactic propagation and the nature of cosmic- 
ray sources. We have flown a high-resolution, balloon- 
borne counter telescope to measure heavy cosmic-ray 
nuclei energy spectra and abundances over the range 1-10 
GeV/nucleon. The exposure factor for the two flights is 
^ 20 m 2 sr h. The instrument employs a liquid Freon fluo¬ 
rocarbon Cerenkov radiator (n = 1.27) and a plastic Pilot 
425 radiator (n = 1.5) for the energy determination over 
this energy range. The charge resolution at Fe is 

better than 1%, enabling unambiguous charge separation of 
Fe group nuclei. Results on the relative abundances and 
energy spectra will be reported for the charge range from 
nitrogen through nickel. Implications of the results for 
models of galactic propagation and the nature of cosmic- 
ray sources will be discussed. 

*Work supported in part by NASA under Grant NGL 14-001- 
005. 


GI10 Energy Spectra and Abundances of Cosmic-Ray 
Nuclei 24 ^ Z < 28 for Energies above 1 GeV/ amu.* 

PETER MEYER and GARY MINAGAWA, U. of Chicaqo— We re¬ 
port measurements of the energy spectra and elemental 
composition of the iron group elements in the primary 
cosmic radiation. The results for iron and nickel 
cover the energy interval from 1 to 9 GeV/amu. The 
energy spectra of the less abundant elements are limit¬ 
ed to a smaller energy interval due to the relativistic 
rise in the response of the scintillators. An upper 
limit of the abundance of cobalt is presented. These 
results were obtained in high-altitude balloon flights 
made in 1975 from Muskogee, Oklahoma. 

* 

Work supported in part by NASA under Grant NGL 14-001- 
005. 


GI 11 Voyager I and II Studies of the Charge and 
Energy Spectra of Low Energy Galactic Cosmic Rays 

Between 1 and 3 AU. N. LALj , F. B. MCDONALD and 

J. H. TRAIN0R, NASA/GSFC— The study of the unmodulated 
charge spectra of low energy galactic cosmic rays 
provides information on the path length distribution 
of these particles in the galaxy. During the period 
September 1977-March 1978, Voyager I and II travelled 
between 1 and ~ 3 AU and the modulation conditions were 
still close to those of solar maximum. The Voyager 
cosmic ray experiment provides charge resolution of 
energetic nuclei from hydrogen through iron. Previously 
low energy spectra for this period has been presented 
for C, 0, Ne, Si and Fe. Further analysis is now 
being made of the less abundant nuclei. In addition 
studies are underway to compare the measured spectra 
with that predicted by standard propagation models. 

/Also, Computer Sciences Corporation, Silver Spring, MD 


GI 12 Japanese-American Cooperative Emulsion Experi¬ 
ment (JACEE )+* W. V. Jones, R» W. Huggett, S. D 0 Hunter, 
and Y. Takahashi, Louisiana State U a ; S. Dake, Kobe U .; 
E. M. Friedlander and H. H. Heckman, Lawrence Berkeley 
Lab.; T. A. Parnell, Marshall Space Flto Ctr 3 ; O. 
Miyamura, Osaka IL ; J. C, Gregory, U. Alabama, Hunts¬ 
ville ; To Ogata and T. Saito, U, Tokyo ; T. H 0 Burnett, 

J. J. Lord, and R. J. Wilkes, U. Washington ; T, Hayashi 
and J. Iwai, Waseda U . — Several balloon flights will 
be used to study nucleus-nucleus interactions, charge 
composition, and energy spectra of cosmic rays at total 
energies up to lO^- 4 eV a A major advantage of the exper¬ 
iment is the large geometrical factor (2.5 m 2 sr) made 
possible by the thin, large area lead-emulsion calori¬ 
meter. The first flight was carried out in September, 
1979. Preliminary scanning shows that there is one 
event with extremely high multiplicity (~170). -There 
are about 1600 events with EEy _> 500 GeV (E Q _> 2 TeV) 


and 7 events with E 0 _> 100 TeV. Initial results will be 
discussed a 

+ Submitted by W» V„ Jones 

* Work supported in part by ICRC, University of Tokyo, 
in part by NSF, and in part by NASA. 


GI 13 Interpretation of Cosmic Ray Composition : 
Sensitivity to Propagation Model Parameters . 

J. F. 0RMES, R. J. PROTHEROr and G. M. C0MST0CK**, 
NASA/GSFC--The latest cosmic ray chemical composition 
data for 3^Z^28 between a few hundred MeV/nuc and 
several hundred GeV/nuc will be compared with different 
models for cosmic ray propagation. The sensitivity of 
the models to the shape of the cosmic ray pathlength 
distribution, energy loss effects, total cross sections 
and energy dependent partial cross sections will be 
explored. 

*NAS/NRC Resident Research Associate on leave from 
Durham University, United Kingdom 
**Cosmo Science Associates, Stony Brook, NY 


I SESSION GJ: PHOTON INTERACTIONS AND QUANTUM OPTICS 
Wednesday morning, 30 April 1980 
Richmond Room, Sheraton Washington Hotel at 9:00 A.M. 

N. Tolk, presiding 


GJ 1 Momentum Loss of Photons by Inelastic Re¬ 
flection in a GaAlAs Laser Diode Cavity , M. HACSKAYLO, 
Night Vision & Electro-Optics Laboratory t The wave¬ 
length of stimulated emission at 8175.2 A of GaAlAs 
laser diodes was found to increase symmetrically as 
a function of emission angle by 0.40 ± 0.0 o 4 A/deg 
(Av=1.8x10*Hz/deg) and approximately 0.01 A/deg 
(Av =l.lxl0°Hz/deg) in the lateral and tranverse 
directions, respectively. It is postulated that the 
increase of wavelength is due to momentum loss of the 
photons by inelastic reflection at the Fabry-Perot 
surfaces. In an optical model, based on the thin 
optical wedge, the changes in the following properties 
per photon per reflection were calculated for the cav¬ 
ity-air interface, (n c = 3.60 to n a = 1.00) : wavelength, 
= 5.28x10"/ A; frequency,A v =2.4xl0 7 Hz; momentum, 
Ap=5.25x10 erg-sec/cm; momentum loss coefficient, 
n=6.46x10 mass, A m =1.75xl0“ 40 g; energy, 

AE=1.57x10 ^ erg; and the angle of reflection, 

A0=3. 65xl0*" 4 deg. For catastrophic threshold damage, 
the calculated dissipated energy, 2 kcal/ mol, and 
facet pressure, 3xl0 6 g/cm 2 , are in reasonable agree¬ 
ment with the heat of fusion, (20 kcal/mol), and Knoop 
hardness, 7xl0 7 g/cm 2 , respectively for GaAs. 


GJ 2 Radiation Theory of Beats of Two Electron Waves . 
Quantum Mechanical Free Electron Laser .* H. SCHWARZ, 
Rensselaer Polytechnic Institute —Two coherent electron 
beams of energy difference AE of a few ev beat at optical 
wave lengths. Radiation occurs and feedback in a cavity 
leads to a laser 1 . In the interference space the charge 
density varies with cos(u)t-kz), where oj = AE/fl = vk(v- 
average electron speed; k = Ap/ft). The Poynting vector 
is calculated. Its time average does not vanish, since 
it depends on cos 2 [u>(t-r/c-L/v) ]; (r-distance from inter¬ 
ference region; c-speed of light; L-length of interfer¬ 
ence space). Momentum and energy are conserved due to 
scattering at the charge density structure. Transforma¬ 
tion of_the laboratory frame F to a frame F f moving with 
speed -v will not remove the time periodicity 2 of the 
charge density contrary to recent statements. 3 Even 
though 0, but with Ap = Ap f (k=k') the transformation 

z = z' - vt re-introduces the time dependent term kvt = 
wt; the phase does not change with transformation. 

* 

Supported by NASA Grant No. NSG 1628. 

1. H. Schwarz, Phys. Rev. Lett. 42, ll4l; 43, 238 (1979). 

2. H. Schwarz, Phys. Rev. A, Comments (Dec. 1979). 

3. A. Peres, Phys. Rev. A (Dec. 1979); M. Peshin, ibid. 
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GJ 4 Optical Bistability in Radially Varying Beams . 

P.D. DRUMMOND, U. Rochester .—Despite the use of radial¬ 
ly varying (typically Gaussian cross-section) input radi¬ 
ation in experimentsthis feature is usually neglected 
in the theoretical analysis of optical bistability. 
Including the radial variation is possible approximately, 
when only one quasimode is appreciably excited in a 
spherical Fabry-Perot interferometer. The relevant e- 
quations are analysed using a realistic quasimode 
function having a Gaussian radial variation in intensity, 
and a longitudinal variation in the beam radius if 
necessary. The effects of inhomogeneous broadening, de¬ 
tuning, and standing wave modes can also be included. 

The results are new state-equations for optical bista¬ 
bility with a radially varying beam. The case of a 
traveling-wave mode with Lorenzian inhomogeneous 
broadening gives the simplest expression. In this case 
(and in all radial variation cases analysed) a large 
increase in the "cooperativity" or atomic absorption, 
is required before bistability exists. This suggests 
that state equations including radial variation would 
be more realistic in describing current experiments 
relative to the usual plane-wave state equations. 

1 H.M. Gibbs, et al., Phys. Rev. Lett. 36, 1135 (1976). 

GJ 5 Observation of a New Nonlinear Scattering Pro¬ 
cess in a Nematic Liquid Crystal above Electric Free- 
derik Transition* 

I.C. Khoo, Physics Dept., Wayne State University. 

Using a cw pump-probe technique, we observed a new non¬ 
linear optical process (enhancement of probe intensity 
by a same-frequency pump) in a nematic liquid crystal, 
(MBBA) maintained just above the Freederik transition 
by an applied D.C. electric field. As observed canos- 
copically, the 50y thick homeotropically prepared liq¬ 
uid crystal underwent Freederik transition at an elec¬ 
tric field of 3800 volts/cm. Both pump and probe were 
derived from the 4880a line of an Argon laser and com¬ 
bined at ~0.7° on the sample with the polarization al¬ 
ong the direction of the electric field. A 60 % increase 
in the probe intensity, which was attributed to the 
slowly relaxing director axis reorientation, was obser¬ 
ved for a pump intensity of about 6 watts/cm 2 , and ap¬ 
peared to depend rather nonlinearly with the pump inten¬ 
sity. Strong diffraction of the pump light in the dir¬ 
ection of the probe was also observed. 

*Submitted by D. R. Gustafson 

1. P. G. de Gennes, The Physics of Liquid Crystals, 
(Clarendon, Oxford 1974). 

GJ 6 Jump Conditions Across a Propagating Electro¬ 
magnetic Field Discontinuity . A. GEORGE LIEBERMAN, 
National Bureau of Standards .—An exact theoretical 
formulation is presented for the field conditions across 
a moving surface of discontinuity of the electromagnetic 
field. The derivation, which is based upon the Lorentz 
transformation of special relativity, is general and 
also valid for arbitary media. The approach recovers 
an apparently overlooked term in one of the four jump 
conditions, namely, the^lasj^ terrapin the equation 
n x AH + vAD = K + p g v 

At each point on the surface of discontinuity the velo¬ 
city v of the surface is taken parallel to the unit 
normal vector h. The jumps in the electric displacement 
AD and the Jtangential components of the magnetic field 
intensity AH are determined in this relation by the 
surface current density ^ and the surface charge density 
P s at the discontinuity. Examination of the four field- 
jump conditions leads to a number of interesting con¬ 
clusions regarding the transient propagation of electro¬ 
magnetic radiation vis-a-vis geometrical optics, with 
implications for surface and small particle metrology. 

-GJ 7 The Photocatalytic Effect in Laser-induced Uni- 
molecular Decomposition . Albert M. F. Lau, Exxon Research 


and Engineering Company - I report recent progress on a 
photo-effect first proposed and studied by Lau and 
Rhodes, 1 namely that photons can act as "catalysts" in 
speeding up the rates of processes without being con¬ 
sumed: AB+rrtim+A+B+nrfiw. Two important problems to be 
addressed are (1) the laser-field requirement and (2) the 
scope of applicable molecular systems. Major progress 
was made in showing much lower laser power requirement 
due to huge resonance enhancement. 2 Although molecular 
states can be found (in alkali-metal dimers) in which 
single-photon stimulated dissociation (SPSD) is forbidden 
and thus the photocatalytic effect (PCE) is dominant, 2 
by far most molecular bound states with nearby continuum 
allow SPSD. However with novel irradiation schemes, the 
PCE is shown recently to be a dominant and identifiable 
process even In this much larger class of molecular 
states, thus greatly broadening the scope of applicable 
molecular systems. 3 

1. A. M. F. Lau and C. K. Rhodes, Phys. Rev. A15, 1570 
(1977) and ibid. A16, 2392 (1977). 

2. A. M. F. Lau, Phys. Rev. Lett. 43, 1009 (1979). 

3. A. M. F. Lau, to be published. 

GJ 8 Effect of Microwave Radiation on Chemical Re¬ 
actions .* K.A.Arunkumar, J.Chaney, G.A.Digenis and P.. 
K.Kadaba, U. of Kentucky —The dielectric property of 
a medium is known to be altered while under the in¬ 
fluence of an external e.m. field. The fading of the 
dye Bromphenol Blue (BPB) was chosen as the experimen¬ 
tal system since the rate of this chemical transfor¬ 
mation is known to be dependent on the permittivity 
of its medium. An aqueous reaction mixture containing 
BPB and sodium hydroxide was irradiated with a 220 
MHz microwave radiation(suggested by the trend of the 
complex permittivity measurements in the S-, X-, Ku- 
bands of the microwave spectrum). There is some diff¬ 
erence (though not significant) in the rates of fad¬ 
ing of the irradiated and control(not irradiated) BPB 
reactions. This preliminary result indicates that un¬ 
der the reaction condition of investigation, the per¬ 
mittivity of the medium was not altered sufficiently 
to enhance the reaction rate. An explanation of the 
above observation and the microwave parameters that 
need to be altered to improve the reaction rate will 
be discussed. 

*Submitted by P. Gabbard 


GJ 9 Two-electron Photodetachement from the H~ ion. 

C. A. FROST, D. A. CLARK, H. C. BRYANT, U of New Mexico,* 
J. B. DONAHUE, P. A. M. GRAM, M. E. HAMM, R. W. HAMM, Los 
Alamos Scientific Lab ,** W. W. SMITH, U of Connecticut . A 
relativistic colliding beam technique is used to study the 
detachment of two electrons from the H~ ion by one photon. 
The 4th harmonic of Nd:YAG laser beam (hv = 4.66eV) is di¬ 
rected across the 800 MeV H~ beam at LAMPF ((3 = 0.842), 
resulting in Doppler-shifted photon energies in the H 
barycentric frame, which are tunable up to 15.4 eV by 
changing the intersection angle. Four signals were re¬ 
corded: H~, H , H° and e - , giving the ion beam current, 
2e~, le~ and total cross section respectively. The M 2e-" 
signal (H + ) is produced by two different mechanisms: 


y + H‘ + H + + 2e 


and 


y + H~ -*■ H°(n) + e", followed by mo¬ 
tional electric field stripping of the H° for n >_ 4, 5 or 
6, depending upon the choice of a deflecting B field. Pre¬ 
liminary results will be presented. 


♦Supported by Division of Chemical Sciences, U.S. D.O.E. 
(ER-77-S-04-3998) 

♦♦Supported by U.S. D.O.E. 


GJ 10 

Studies of Screening and Relativistic Effects in Rayleigh 

Scattering of Photons . S.C. ROY*, J.C. PARKER and R.H. 
PRATT, U. of Pittsburgh . —We have studied the effect of 
screening on Rayleigh scattering (the elastic scattering 
of photons from bound atomic electrons) by observing the 
behavior of Rayleigh scattering amplitudes and cross sec- 
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tions for isonuclear sequences of different elements. We 
have used the numerical partial wave method of Kissel and 
Pratt 1 to calculate the Rayleigh scattering amplitudes 
and cross sections for neutral and ionic species of Carbon, 
Neon, Zinc, Silver, and Lead. For photon energies above 
threshold for K-shell photoionization, Rayleigh scattering 
amplitudes for closed inner shells, like photoeffect amp¬ 
litudes, are insensitive to the outer shell ionization. 

The primary effect of outer shell ionization on inner shell 
amplitudes is to shift the K-threshold energy. Below the 
K-edge is a sequence of resonances corresponding to allowed 
bound-bound transitions. This resonance region widens for 
ions as more and deeper outer shells are opened. The rel¬ 
ativistic and higher multipole effects in low energy region 
around K-threshold have been studied by comparing Rayleigh 
scattering amplitudes using the relativistic Coulomb poten¬ 
tial with non-relativistic hydrogenic dipole calculation of 
Gavrila 2 . 

*Permanent address - Bose Institute; Calcutta, India 
1 L. Kissel and R.H. Pratt, Phys. Rev. A (to be published) 
2 M. Gavrila, Phys. Rev. 163 , 147 (1967). 


GJ 11 

Analytic Relativistic Radiative Transition Rates in 
Screened Potentials . OSCAR V. GABRIEL, SIDDHESWAR CHAUDHURI 
and R. H. PRATT, U. of Pittsburgh . — Analytic expressions 
are obtained for radiative transition rates between the K 
and L shells of intermediate and high Z elements. It is 
found that the radiative rate of a given transition can be 
expressed as a power series in the atomic scale parameter 
A of the relativistic screened atomic central potential. 

All multipoles of the radiation field are included 1 . The 
calculation is based on the analytic expressions for the 
screened relativistic wave functions 2 as power series in 
A. With this approach it is possible to trace explicitly 
the development of relativistic and higher multipole cor¬ 
rections to the corresponding nonrelativistic transition 
rates 3 . 

1 J. H. Scofield, Phys. Rev. 179 , 9 (1969). 


2 J. McEnnan, D. J. Botto, and R. H. Pratt, Phys. Rev. A13 , 
1768 (1977). 

3 Y. S. Kim, S. D. Oh, and R. H. Pratt, Phys. Rev. A18 , 194 
(1978) . 

GJ 12 The Interaction of a Composite System with the 
Quantized Radiation Field in an Approximately Relativ¬ 

istic Theory * K.J. SEBASTIAN, U. of Lowell .— We 
obtain expressions for the El and the Ml single photon 
transition amplitudes of the composite system, in an 
approximately relativistic canonical theory, including 
the relativistic corrections of leading order. There 
are relativistic corrections which depend simultanesously 
on the recoil-momentum of the composite system and on 
the use of the relativistic center of mass variables in 
the problem and which so far have not been considered 
in the literature. 

♦Submitted by Arthur Mittler 

GJ 13 Validity of Anomalous Scattering Factors .* LYNN 
KISSEL, Lawrence Livermore Laboratory, Univ. of Calif. , 
and R.H. Pratt, J.C. Parker, Univ. of Pittsburgh. —As 
we have reported previously 1 there exist deviations 
from form factor approximation for smaller Z near the 
atomic photoeffect edges and for large momentum transfer 
q (high energy, finite 9), and for large Z at all ener¬ 
gies especially near edges and for large q. Expressing 
the differential scattering cross section from the bound 
electrons as dcr/dfi = |f| 2 daip/d^, where dGip/dfi is the 
Thomson cross section, the anomalous scattering factors 
Af* and f" are defined as f = fo + Af f + iAf". Here .fo 
is the atomic form factor. Using predictions based on 
our numerical solution of the QED S-matrix, we investi¬ 
gate validity of the relativistic anomalous scattering 
factors evaluated by Cromer and Liberman. 2 
*Supported by US DOE Contract W-7405-ENG-48. 

^.Kissel, R.H. Pratt, Phys. Rev. Lett. h0_, 387-390 
(1978). 

2 D. T. Cromer, D. Liberman, J. Chem Phys. 93 , 1891-1898 
(1970). 


I SESSION GK: SHOCK COMPRESSION OF SOLIDS IV 

Wednesday morning, 30 April 1980; Dover Room, Sheraton Washington Hotel at 9:00 A.M.; D.P. Dandekar, presiding 


Invited Paper 

GK 1 Heterogeneous Deformation Under Shock Compression.* D.E. GRADY, Sandia Laboratories. ** (35 min.) 

Shock compression offers a method for investigating the physical properties of solids at pressures 
and temperatures not readily accessible by other techniques. To correctly assess the physical 
phenomenon of interest, a thorough understanding of the thermodynamic and metallurgical state of 
the material created during shock compression is necessary. The transition to the shocked state 
involves a catastrophic deformation of the solid and only a limited understanding of this de¬ 
formation process has been achieved. Recent studies suggest that the process of shock deforma¬ 
tion can be heterogeneous in the sense that yielding is localized to relatively few, narrow 
shear zones within which the shock energy and inelastic deformation are concentrated. This 
concept of shock deformation can have profound consequences on the resulting shock state. Non- 
uniform energy deposition, strong thermal gradients, and regions of partial melt can persist for 
the brief period of time that the shock state is maintained, suggesting a highly nonequilibrium 
situation. Many of the features of shock compression and release can be explained by a 
heterogeneous deformation process and apparently depend on the competing properties of thermal 
diffusion, melting temperature, and degree of thermal localization. 


This work was supported by the U. S. Department of Energy (DOE), under Contract DE-AC04-76- 
DPOO 789 . 

**A U. S. DOE Facility. 


Contributed Papers 

GK 2 Reshock and Release Behavior of 606 I-T 6 
Aluminum .'* J. R. ASAY and L. C. CHHABILDAS, Sandia 
Laboratories --To obtain an accurate determination of the 
yield strength (critical shear strength) of materials in 
the shocked state, combined unloading and reloading 
experiments can be used to estimate the yield surface of 
the material immediately after shock loading. In the 
present work fine structure in the reshock and release 
particle velocity profiles in preshocked aluminum was 
investigated over the stress range of 2 to 21 GPa, using 
velocity interferometer techniques. These experiments • 
indicate a well-defined elastic precursor during reload¬ 


ing followed by a plastic wave with finite risetime. 

The release wave profiles also show pronounced elastic- 
plastic response during unloading. Analysis of the 
shear stress developed during unloading and reloading 
indicates that the elastic-plastic response from the 
shocked state is anisotropic, and significant departure 
from the elastic-plastic model of material behavior is 
observed. The experimental results will be discussed in 
terms of rate-dependent effects of material response. 

* Work supported by U. S. Department of Energy. 

GK 3 # Window Material Studies for Shock-Wave Experi¬ 
ments . J. L. WISE and L. C. CHHABILDAS, Sandia Labora- 
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tories —In shock wave experiments using a velocity- 
interferometer, VISAR, as a diagnostic tool, transparent 
windows are often bonded to the rear surface of the 
target material and the target-window interface velocity 
is measured. The window materials previously character¬ 
ized are fused silica, sapphire and FMMA. The use of 
fused silica, sapphire and FMMA windows has been limited 
to shock stresses below 22 GPa, since sapphire yields at 
18 GPa and FMMA loses transparency above 23 GPa, thereby 
underlying the need for a different window material for 
use in the range above 20 GPa. Since lithium fluoride is 
transparent with a relatively low yield stress, it offers 
considerable potential for shock wave studies in this 
stress range. The feasibility of using lithium fluoride 
as a window material was investigated in a series of 
reshock and release experiments performed on 6061-T6 
aluminum initially shocked up to 21 GPa. The results 
indicate no loss of transparency over this stress range 
and show tha^ a 27 $ optical correction is necessary to 
account for the refractive index change of lithium 
fluoride with stress. 

* Work supported by US Dept, of Energy. 

GK 4 High Strain Rate Impact Deformation of Metal 
Cylinders at Elevated Temperatures .* W. H. GUST and 
D. A. YOUNG, Lawrence Livermore Laboratory— We have 
used a "reverse" gun" that fires a rigid plate at a 
preheated stationary metal cylinder to study the 
dependence of flow stress on temperature Impact 
velocity vs Lf/Lo isotherms have been determined 
for two types of Cu, 4340 steel and Ta at 295 K, 730 
K, and 1235 K and for U at 295 K and 725 K. A 
modified Steinberg-Guinan constitutive model and a 
Griineisen equation of state were used to obtain 
hydrodynamic computer code simulations of the 
deformation process. A strong temperature dependence 
of the length ratio was clearly evident for all 
materials. 

*This work was supported by Eglin Air Force Base 
Project No. DTC-9-122 and performed under the auspices 
of the U.S. Department of Energy by Lawrence Livermore 
Laboratory under contract #W-7405-aig-48. 

GK 5 The Effect of Risetime on Shock Decay in 
Lithium Fluoride as Calculated from Dislocation 

Dynamics with Heterogeneous Nucleation .* M.D. 

BJORKMAN and G.E. DUVALL, Wash. State U.— Calcula- 
tions were undertaken to determine the suitability 
of applying small strain rate dislocation dynamics 
to the large strain rates occurring in shock waves 
with risetimes as large as 140 nsec. A constitu¬ 
tive relation was developed from small strain rate 
behavior and used in a von Neumann-Richtmeyer ar¬ 
tificial viscosity flow code to calculate wave 
profiles. The results of the calculations were: 

1) if the initial dislocation density were allowed 
to multiply by multiple cross glide only, then 
elastic shock amplitudes and the amplitudes of 
waves with risetimes of up to 140 nsec could not 
be modeled with the same multiplication coeffi¬ 
cient; 2) if heterogeneous nucleation were in¬ 
cluded, then shock and 140 nsec risetime wave 
amplitudes could be reproduced within 10% using 
a multiplication coefficient of M= 2.5x10^ cm -2 
to 1.2xl0 10 cm" 2 . 

* Research supported by NSF Grant No. DMR77-08656. 

GK 6 Mechanical Response of PZT 65/35 to Impact 
Loading . D.D. BLOCMQUIST, Sandia Labs .*—Attempts 
to model the electromechanical response of ferroelec¬ 
tric ceramics to impact loading have been hindered 
in the past by a lack of information about the purely 
mechanical aspects of the problem, independent of the 
strong electromechanical coupling. We have undertaken 
a study of unpoled lead zirconate titanate [Pb 0s99 
(Zr 0.6 sTi o„36 ) o. 98 ^ 1 * 0*02 0 3 ] called PZT 65/35 i n which 
the powder is prepared by a wet chemistry process and 
hot-pressed to ceramic. In gas gun experiments using 


quartz gauges in the stress range from 0.0 to 2.5 GPa 
we have observed the stress as a function of time at 
the impact plane as well as the transmitted stress 
wave profile as a function of thickness. Relaxation 
was observed at the impact plane which gives rise to 
an instantaneous as well as an equilibrium Hugoniot 
stress-strain relation. Transmitted waves have a com¬ 
plicated structure characterized by a ramp wave below 
about 0.5 GPa, a ramp followed by a shock between 
about 0.5 and 1.5 GPa and a single shock wave at higher 
stress up to the 2,5 GPa limit of the quartz gauge. 

•^Supported by US DOE Contract DE-AC04-76-DP00789* * * 

GK 7 Technique to Transmit Large Shear Stresses .* 

L. C. CHHABILDAS and J. W. SWEGLE, Sandia Laboratories .— 
Normal impact of a Y-cut quartz crystal produces a two 
wave structure, each having particle velocity changes in 
the longitudinal and transverse directions. In principle, 
the coupled longitudinal and shear motion generated 
within the crystal can be transmitted into a specimen 
bonded to the rear surface of the Y-cut quartz crystal. 
Experimental results on X-cut quartz bonded to the rear 
surface of the Y-cut crystal indicate that an epoxy 
adhesive bond would transmit a maximum of 0.35 GPa shear 
stress. The magnitude of the shear stress transmitted 
is apparently limited in part by the dynamic shear 
strength of the epoxy bond. When alumina-filled or 
diamond-filled epoxy is used as a bonding agent the 
dynamic shear strength of the bond can be increased to 
at least 0.6 GPa stress. The maximum dynamic shear 
stress which can be transmitted with hard particles- 
epoxy-filled bond is yet to be determined. 


* Work supported by the U. S. Department of Energy. 

GK 8 Pres sure-Shear Loading in Aluminum .* 

J. W. SWEGLE and L. C. CHHABILDAS, Sandia Laboratories .— 
Pressure-shear loading in aluminum is accomplished by 
bonding specimens to the rear surface of a Y-cut quartz 
crystal. The coupled longitudinal and shear motion that 
is generated upon planar impact of the Y-cut quartz 
crystal is then transmitted into aluminum. The particle 
velocity changes associated with the arrival of the 
longitudinal and shear waves are monitored using velocity 
interferometer techniques. The technique has been 
successfully used to detect a 0.17 GPa shear wave in 
aluminum at 0.7 GPa longitudinal stress. The results 
obtained in this investigation will be compared with 
numerical solutions obtained using the finite difference 
wave propagation code T00DY and discussed on the basis 
of various different material models. 


* Work supported by U. S. Department of Energy. 

GK 9 Adiabatic Shear Instability due to the Destruc¬ 
tion of Short Range Order in a-Brass . Y. H0RIE, US Army 
Res. Off. -- It is proposed by the author 1 that adiabatic 
shear instability observed in shock compressed solids may 
be related to the violation of positive entropy produc¬ 
tion for irreversible processes which is caused by 
dilatation due to localized defects. According to this 
theory other forms of localized non-equilibrium energy 
can cause a similar instability. This paper provides 
such an example: shock compression of a-brass which is 
known to store energy in cold work mostly by the des¬ 
truction of short range order. The result based upon the 
SR0 energy predicts the critical state in terms of 
variables like pressure, strain, flow-stress, heat of 
formation, etc. General features of the critical state 
are in agreement with those known for other materials. 

1. Y. Horie. To appear in Phys. Rev. B. 

GK 10 Thermocouple Measurements in Shocked Polymers . 
S.A. SHEFFIELD, and D.D, BLOOMQUIST, Sandia Labs .*— 
Recently, it has been established that thermoelectric 
output from a shocked bimetallic junction exhibits nor¬ 
mal temperature response if the junction is properly 
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constructed. Copper-Constantan and Chromel-Constantan 
thermocouples were embedded in PMMA and epoxy and then 
shocked by projectile impact using a light gas gun 0 
The results indicate a normal temperature response up 
to 2.0 GPa for PMMA and 4.8 GPa for epoxy. Above these 
pressures a temperature increase which depends on pres¬ 
sure is observed, indicating some form of exothermic 
reaction is occurring. This change in behavior of FMMA 
at 2.0 GPa corresponds to a Hugoniot cusp, the onset of 
shock-induced polarization and the loss of shear 
strength. A similar correspondence with the onset of 
shock-induced polarization is observed in epoxy at 4.8 
GPa. It is proposed that the exotherm is a result of 
free radical formation and recombination during the 
shock process possibly resulting in crosslinked or 
chemically changed polymers. 

*Supported by US DOE Contract DE-AC04-76-DP00789. 


GK 11 

Temperature measurments in Shock loaded materials 
using commercial Ni gauges . Z. Rosenberg and Y. Partom, 
A.D.A. P.O.Box 2250, Haifa ISRAEL. 

Transient resistance measurments of nickel gauges 
embedded in shock loaded PMMA were conducted in order to 
determine the feasibility of direct temperature measurment 
of shocked materials. We have used Micro Measurments 
nickel gauges (type ETG-50B). These are 5pm thick which 
allows rapid heat conduction from the PMMA surrounding 
into the gauge. Planar shock Waves to pressures between 
0.5-3.0 GPa were generated by impactors accelerated with 
a 63.5 mm powder gun. Targets were so constructed as to 
allow back surface rarefactions to reach the gauge l-3psec 
after shock arrival. The measured resistance—time 
profiles clearly indicate 3 distinct.regions: a rapid jump 
at shock arrival tlmte t8 gauge location followed by a 
gradual increase to an assymptotic level and finally anothe 
more gradual jump which corresponds to rarefaction arrival 
to gauge’s plane. Each of these can be properly correlatec) 
with temperature changes: the first jump is the result of 
temperature rise in the gauge due to shock compression, 
the gradual increase is due to heat flow from the surround! 
medium into the gauge and the final level corresponds to tl 
residual temperature of the released material. 

Data evaluation shows good agreement with preliminary 
shock compression with heat conduction calculations. 


GK 12 The Electrical Conductivity of Shock-Compressed 
Kapton ,* E. R. LEMAR, Wash , State Univ .--Samples are pre¬ 
pared by vapor depositing Aluminum electrodes on the two 
surfaces of a Kapton film. The film is then epoxied bet¬ 
ween two copper plates and impacted in a gas gun. When 
the sample rings up to pressure, the resistivity 
decreases from its initial value of about 10 18 ft cm to 
less than IQ 7 ft cm at 40 kbar. At higher pressures the 
resistivity decreases still further. 

* Work supported by the Air Force Office of Scientific 
Research, Grant No. AF0SR-78-3478. 


GK 13 Stress and Strain Measurements in Targets 
Impacted by Long Rod Penetrators . D. S. PRITCHARD, 
Ballistic Research Laboratory - Hardened tool steel 
shafts, with a length of .254m and an L/D ration of 30, 
are launched at 750 to 1000 m/s to strike targets at 
normal incidence. Target materials tested to date are: 
brass, mild steel, and rolled homogeneous armor. Dynamic 
stress and strain levels in the direct path of penetra¬ 
tion are monitored at various depths within a particular 
target. Manganin foil grid gages measure stress and 
high-elongation foil grid gages measure strain. Similar 
experimentation has been conducted in other labora¬ 
tories.^->2 

^J. A. Charest,- EG&G Report S-487-R, April 1970. 

2 J. A. Charest, Dynasen, Inc. TR 005, February 1979. 


I SESSION GL: MATHEMATICAL PHYSICS 
Wednesday morning, 30 April 1980 
Alexandria Room, Sheraton Washington Hotel at 9:00 A.M. 

M. Danos, presiding 

GL 1 Path-integral Formulation of Scattering Theory 
for Central Potentials . CHRISTOPHER GERRY, Seton Hall 
University and VIJAY A. SINGH, SUNY- Albany.—We 
consider central potential scattering and using the 
methods of Peak and Inomata 1 determine a path integral 
representation of the S matrix in polar coordinates. 

This is obtained by transforming to polar coordinates 
a cartesian path-integral form of the nonrelativistic 
S matrix derived from the quantum mechanical interaction 
picture by Campbell, et a!. 2 Following Faddev 3 
asymptotic conditions are dervied by stationary phase. 
Our results are applied to scattering in an inverse 
square potential where we determine the correct 
phase shifts as well as the appropriate form of 
the S matrix. 

1 D.Peak and A. Inomata, J. Math. Phys. 10, 1422 (1969) 
2 W.B. Campbell, P. Finkler, C.E. Jones, M.N. Misheloff. 
Phys. Rev. D12, 2363 (1975). 

3 L.K. Faddev in Methods in Field Theory, Roger Balian 
and Jean Zinn-Justin eds. (North Holland, Amsterdam, 
1976). 

GL 2 Separation of Variables and Spinor- a nd V e ctor¬ 
valued Helmholtz ~Equation . ERNEST G. KALNINS, U of 
Waikato , New Zealand , WILLARD MILLER, JR., U of Min¬ 
nesota* , and JUNG SIK RNO, U of Cinc inn ati .--The 
authors show classification of separable systems for 
the spinor- and vector-valued solutions of Helmholtz 
equation. Both Hilbert and non-Hilbert space models 
are studied. 

*Supported in part by NSF Grant MCS 78-26216. 


GL 3 The Topological Effect in the Aharonov - 

Bohm Experiment . C.C. BERNIDO and A. INOMATA, 

SUNY at Albany .—The Aharonov-Bohm effect is formu¬ 
lated using a constrained path integral. An 
explicit calculation of the path integral finds 
the propagator as a sum of partial propagators 
corresponding to homotopically different paths. 

The interference terms give the usual flux-depen¬ 
dent shift and an additional topological shift 
which depends on the winding numbers. The topo¬ 
logical shift, however, is not noticeable in a 
double slit interference experiment where only two 
unwound paths are selected to form the interference 
pattern. 

GL 4 Noise Associated with Optical Correlation Measure¬ 
ments for a Quantum Mechanical System with Photon Absorp¬ 
tion. John M. CONWAY, NJIT and Chester J. Nisteruk, 
Manhattan Coll . — Previously 1 a quantum mechanical analy¬ 
sis of an optical correlation experiment was given making 
use of the Goldberger and Watson 2 prescription for the 
measurement process. The light source considered is an 
incoherent source. We discuss the mean square fluctua¬ 
tion for an ensemble consisting of a large number of 
experiments each conducted over a time interval T. Both 
the case of zero reaction of the detection process on the 
photon wavefunction and the photon absorption process 
with concurrent photon wavefunction modfication are con¬ 
sidered. 

1 0ptical Correlation Measurements for a Quantum Mechani¬ 
cal System with Photon Absorption, John M. CONWAY, and 
Chester J. NISTERUK, APS Meeting, N.Y., March, 1980. 
Measurement of Time Correlations for Quantum Mechanical 
Systems, M.L. GOLDBERGER and Kenneth M. WATSON, 134, 

B919 (1964). 

GL 5 Emergence of Physical Properties? A Dialectical - 
Materialist View of the Concept of Pressure , E. MARQUIT, 
University of Minnesota,—In view of the criticism 
directed against operational definitions of physical 
quantities it is important to establish bases for the 
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emergence of such properties* A nonreductionist 
dialectical-materialist view of the emergence of physi¬ 
cal properties leads to an understanding of how physi¬ 
cal. properties on one level of integration or organiza¬ 
tion of a physical system are related to the physical 
properties on another neighboring level. It facili¬ 
tates the exploration of the quantitative connections 
between the two levels and discloses the essential 
qualitative differences between the two. The method 
is illustrated with the concept of pressure of a gas 
on the level embraced by kinetic-molecular theory and 
the level embraced by the thermodynamics of a continu¬ 
ous medium. It is further shown that the ideal gas 
law is, in part, a consequence of the interaction 
between the discrete (microscopic) structure of the gas 
and the continuous (macroscopic) structure of the 
confining vessel or other macroscopic structure in¬ 
cluded in the system. 

GL 6 Functorial Geometric Quantization and Van Hove *s 
Theorem .* M.J. Gotay. Dept, of Mathematics, Univ. of 
Calgary . — A classical theorem of Van Hove 1 , in con¬ 
junction with a formalism developed by Weinstein 2 , is 
used to prove that a quantization functor does not 
exist. In the proof a category of exact transverse 
Lagrangian submanifolds is introduced which provides a 
functorial link between ’Schrodinger' quantization and 
the prequantization/polarization theory of Kostant and 
Souriau. 

♦Submitted by R.J. Torrence 

*L. Van Hove, Acad. Roy. Belgique Bull. Cl. Sci., (5), 
37, 610. 

2 A. Weinstein, Lectures on Symplectic Manifolds, CBMS 
Regional Conf. Ser. #29, Amer. Math. Soc., Providence, 
R.I. (1977). 


GL 7 Spontaneous Emission in the Multipolar Gauge , 

D. H. KOBE, North Texas State Univ.—Conditions under 
which a unitary transformation for a quantized electro¬ 
magnetic field can be interpretted as an operator gauge 
transformation are obtained. For the quantized electro- , 
magnetic field interacting with the electron in a hydro¬ 
gen atom, an operator gauge transformation is then made 
from the Coulomb gauge to the multipolar gauge D The 
multipolar gauge expresses the vector potential non- 
locally in terms of the magnetic field and the scalar 
potential nonlocally in terms of the electric fieldo The 
zero-point energy of the field is also modified. The 
spontaneous emission rate in first order is shown to be 
the same for the two gauges. The multipolar gauge has an 
advantage over the Coulomb gauge in the long wavelength 
limit because the scalar potential has the electric 
multipole terms and the vector potential has the magnetic 
multipole terms. 

GL 8 Gauge Invariance for a Simple Model ; Charged 
Harmonic Oscillator . Cc-To WEN and D c II KOBE, North 
Texas State Univ.—The gauge-invariant formulation of 
quantum mechanics!* 2 is compared to the conventional ap¬ 
proach for the case of a one-dimensional charged harmonic 
oscillator in an electromagnetic field in the electric 
dipole approximation. Although any gauge can be used in 
the gauge-invariant formulation, the equations are sim¬ 
plest when the interaction -qE(t)x is used. In this case, 
the Schrodinger equation can be solved exactly for the 
wave function ip'. If the oscillator is originally in the 
ground state <f> Q , the probability that the system is in the 
ground state at time t is P Q = | <(1)^ | ^'> j 2 . On the other 
hand, the conventional approach is to use the interaction 
-(q/m) A (t)p + (q 2 /2m)A 2 . The wave function ip for the 
Schrodinger equation with this interaction is related to 
the wave function \p’ by a gauge transformation ip=exp[iq A 
x]^'„ The conventional interpretation of | <<l> 0 1| 2 is the 
probability that the system is in the ground state at time 
t. It is shown in general that P 7* | <<f>o I I 2 ° Because of 
gauge invariance the true probability is P Q , and the con¬ 
ventional approach is in general incorrect. 

!k.-H. Yang, Ann. Phys„ (N. Y. ) 101 , 62(1976). 

2 D.H 0 Kobe and A.L. Smirl, Am. J. Phys. 46_, 624(1973). 


GL 9 Solution to nth Order Non-Linear Differential 
Equations and First Order-Formal ism . 

Z. PARSA, N.J. Institute of Technology .--We introduce 
our extension of a decomposition originally due to 
Bogomolny to reduce a set of nth-order non-linear 
differential equations to a set of first-order non¬ 
linear differential equations which we refer to as 
the first order formalism. As an illustration we 
apply this method to the Landau-Ginsberg equations 
of superconductivity. 

GL 10 R-Matrix Theory of Sound Scattering from 
an Absorbing Bubble , H.UBERALL and G.C.GAUNAURD, 
Naval Surface Weapons Center, White Oak , 

Silver Spring, MD 20910 . The R-matrix theory of 
acoustic scattering, developed by us earlier (G. 
Gaunaurd and H. Uberall, J.Acoust.Soc.Am.66,S81 
(1979))is here applied to the case of sound 
scattering from an absorbing bubble. The me¬ 
chanical impedance of the scatterer is a Wigner 
R-function (E.P.Wigner, Am. Math. 53 , 36 (1951)) 
which has poles on the real axis. Developing 
the S-matrix (which contains the R-functions) in 
the one-level approximation leads to a Breit- 
Wigner resonance formula with a frequency shift, 
and a resonance width. The effect of absorption 
in the bubble consists in a further shift of the 
resonance frequency, and a broadening of the 
resonance width. Both of these effects are 
suitable means for determining the absorption, 
which is crucial for the echo reduction of a 
target (H. Uberall is also at Catholic University, 
Washington, DC,supported by ONR Code 421. 

GL 11 Solution of Inverse Scattering Problems 
in the Resonance Case . G. C. Gaunaurd and 
hI tiberall, Naval Surface Weapons Center , 

White Oak, Silver Spring, MD 20910 . We show 
that whenever resonances are present in the 
echoes of electromagnetic, acoustic or elastic 
waves scattered from corresponding targets, the 
"Theory of Resonance Scattering" recently 
developed by us-*- leads to a simple and direct 
solution of the inverse scattering problem. We 
have found in all three cases that the spacing 
between consecutive resonances, and their 
widths, contain the information needed for a 
determination of the material parameters of the 
scatterer, and in the case of coated targets, of 
the coating thickness. This constitutes a 
straightforward answer to the inverse scattering 
problem via the resonance formalism. ( H. tiberall 
is also at Catholic University, Washington, DC, 
additionally supported by NAVAIR Code AIR-310-B} 
1. L.Flax, G.C.Gaunaurd, and H. Uberall, "Reso¬ 
nance Theory of Scattering", Physical~Acousticsl8 . 

GL 12 Is The Electromagnetic Coupling 
Constant Universal?* J. ?0LN, Harry Diamond 
Laboratories .—The principle of the 
universality of the electromagnetic coupling 
constant is formulated for neutral-current- 
like interactions. When applied to some 
unified gauge models, this principle has a 
tendency to restrict the values of mixing 
angles that enter into these models. 

♦Submitted by G.J. SIMONIS. 

GL 13 Reduction of Azimuthally Symmetric Colli ¬ 
sion -kernels . B.R. Wienke, Kiss ion Research Cor ¬ 
poration .—Taylor series expansions of linear 
scattering kernels lead to tensor products which 
are none orarnmu ting and difficult to evaluate in 
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of such an approach, it is necessary that one know the 
solution to the integral equation so the numerically 
generated solution can be compared to it. In this 
talk, we present an interpolative approach by which 
one can test the accuracy of the method before obtain¬ 
ing the solution. This is accomplished by interpolat¬ 
ing only the smooth part of the kernel. Since this 
function is known analytically, the accuracy of the 
interpolation and ensuing numerical solution can be 
tested without a need to compare the result to an 
independently generated solution. The technique is 
applied to an example of the Omnes equation consider¬ 
ed in ref. 1. 

*In partial fulfillment of requirements for M,S. degree. 
1. H. Cohen, Jour. Comp. Phys.•26, p. 257 (1978). 

I SESSION HA: SYMPOSIUM OF THE DIVISION OF NUCLEAR PHYSICS: GENERAL INTEREST-NUCLEAR PHYSICS II 
Wednesday afternoon, 30 April 1980; Washington Room, Sheraton-Washington Hotel at 2:00 P.M.; B.G. Harvey, presiding 

HA 1 Quark Bags for Nuclear Physicists.R.L. JAFFE, Massachusetts Institute of Technology. (30 min.) 

HA 2 The Production of Strange Matter in Heavy Ion Collision.* 

S. CHIN, Massachusetts Institute of Technology. (30 min.) 

On the basis of the M.I.T. bag model of hadrons, massive, nuclei-size muliquark state possessing 
great stangeness are predicted to be metastable'. These droplets of strange quark matter are 
characterized by long lifetime (>^in-4 sec ) anc | highly distinctive charge to baryon ratio |Ql)/A- l. 

It is suggested that such novel state of matter may be produced in relativistic heavy-ion collision. 

*This work was performed in collaboration with A.K. Kerman and was supported in part by U.S. 

Department of Engery under contract No. EY-76-C-02-3069. 

^S.A. Chin and A.K. Kerman, Phys. Rev. Lett. 43, 1292 (1979). 

HA 3 Gamma-Ray Transitions in Hypernuclei. I.H. PIEKARZ, Brookhaven National Lab. (30 min.) 

Hypernuclei form similar nuclear structure as ordinary nuclei, but in addition to nucleons the 
A-particle is also bound. In a relatively narrow interval of the excitation energy (usually 
below 5 MeV) hypernuclear levels decay predominantly via y-emission. The observation of these 
y-transitions give new information on the hypernuclear structure, as well as on the A-nucleon 
interaction within nuclear matter. The level splitting of the s-shell hypernuclei results mainly 
from the spin-spin A-N interaction. States of p-shell hypernuclei are additionally rearranged 
due to the possible existence of the spin-orbit and other A-N interactions. In a recent experi¬ 
ment^-, the y-transitions due to deexcitation of ^H, ^He and possibly ^Li hypernuclei have been 
observed, indicating a rather significant spin dependence of the A-nucleus force. More data, 
however, are required to draw model-independent conclusions. Experiments looking for the y- 
transitions in p-shell hypernuclei using the ^Z(K“,7r”)^Z* reaction, allowing for a more systematic 
study are desirable and are in progress. 

*Research supported by contract no. DE-AC02-76CH00016 with the U. S. Department of Energy. 
iM. Bedjidian, E. Descroix, J. T. Grossiord, H. Guichard, M. Gusakow, M. Jacquin, M. T. Kudta, 

H. Piekarz, J. Piekarz, J. R. Pizzi and J. Pniewski, Phys. Lett. 83B , 252 (1979). 

HA 4 Experimental Situation on the Decay of the Proton. F. REINES, Newport Beach, CA. (30 min.) 

The idea of baryon conservation (e.g. proton stability) was without theoretical justification un¬ 
til comparatively recently when the success of the electroweak synthesis*- and of quantum chromody¬ 
namics led to theories of further unification and concomitant baryon decay. 2 Experiments to date, 
largely incidental to studies of atmospheric neutrinos, have yielded lower limits-* up to ~ 10 30 
years, depending on the particular mode of decay assumed. Stimulated by the theoretical predic¬ 
tions, several dedicated experiments are being prepared. The character of these experiments: 
sensitive masses measured in thousands of tons and located deep underground fel.6 x 10 3 g/cm^), 
is determined by the long lifetimes (10 3 ^~ 33 years) suggested by theory and the backgrounds due 
to cosmic rays. It appears that the ultimate limits achievable are determined by the backgrounds 
from atmospheric neutrinos which, after pattern recognition of the most distinctive decay modes 
p e+U*, n-*- e’%") give equal signal to background at lifetimes of ^*10 33 years. Experiments in 
preparation include a 10,000 ton water cerenkov detector being built by the Irvine-Michigan- 
Brookhaven groups in a 596 meter deep salt mine near Cleveland, Ohio, and one of ~*2,000 tons be¬ 
ing built in a former silver mine near Park City, Utah, by a group from Harvard, Wisconsin and 
Purdue. 3 A 30-ton prototype detector of a modular design using concrete penetrated by gas pro¬ 
portional tubes is under consideration by a Minnesota group.^ 

*Supported in part by the U.S. Department of Energy. 

is.L. Glashow, Nucl. Phys. 22, 579 (1961); S. Weinberg, Phys. Rev. Lett. 13, 168 (1967); A. Salam, 
in Proceedings of the Eighth Nobel Symposium on Elementary Particle Theory, Stockholm, Sweden 
(1968), p. 367; M. Gell-Mann, P. Ramon, and R. Slansky, Rev. Mod. Phys. 50, 721 (1978). 

J.C. Pati and A. Salam, Phys. Rev. Lett. 31 , 661 (1973); H. Georgi and S.L. Glashow, Phys. Rev. 

Lett. 32, 438 (1974); H. Georgi, H.R. Quinn and S. Weinberg, Phys. Rev. Lett. T3, 451 (1974). 

3 J. Learned, F. Reines and A. Soni, Phys. Rev. Lett. _43, 907 (1979). 

^Contribution toV-’79, Bergen, Norway. B. Cortez, G. Foster, M. Goldhaber, W. Kropp, J. Learned, 

J. LoSecco, R. March, F. Reines, J. Schultz, D. Sinclair, H. Sobel, L. Sulak, J. VanderVelde. 

5,6private communication (1979). 


practical applications. >/© describe a reduction 
technique Tor azimuthally symmetric kernels and 
apply the method to the socond order(dyadic) ex¬ 
pansion of the monoenergetic Boltzmann and rel¬ 
ativistic r'okker-Flanck equations. 

GL 14 Improved Interpolative Method for Numerical 
Solutions of Cauchy Integral Equations . H. COHEN and 
A. FISS,* Calif. State U., Los Angeles —One of us (HC) 
has presented a technique for obtaining acceptably 
accurate numerical solutions to various types of 
singular integral equations(D. The basic approach 
in this method involves polynomial interpolation of 
the unknown function. In order to verify the accuracy 
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HA 5 Anomalous Behavior of the Interaction Relativistic Fragments From Heavy Ion Collisions at Bevalac Energies. 
E. FRIEDLANDER, Lawrence Berkeley Lab. (30 min.) 


I SESSION HB: SYMPOSIUM OF THE DIVISION OF COSMIC PHYSICS: COSMIC-RAY ASTROPHYSICS 
Wednesday afternoon, 30 April 1980; Regency Room, Shoreham-Americana Hotel at 2:00 P.M.; M.H. Israel, presiding 

HB 1 The Energy Spectrum and Anisotropy of Cosmic Rays above 10 17 eV. (1) 

A.A. WATSON, University of Leeds. (30 min.) 

in recent years the energy spectrum of cosmic rays about 10 17 eV has attracted interest 
because of the possibility that the 2.7 Kbackground radiation would modulate the spectrum 
at a detectable level. Results from several experiments show no such effects; in particular 
between 10 19 and 10 2 °eV there is evidence that the spectrum flattens and continues at least 
to 1.6 x 10 2 ®eV. The expected 'cut-off* is not observed.( 2 ) Below 10 19 eV the differential 
slope of the power law spectrum is -3.09 ± .02 while at higher energies it is -2.31 ± .10„ 
Simultaneously with the spectrum measurements a deeper understanding of the arrival 
direction above 10 17 eV has emerged. The amplitude and phase of the anisotropy has been, 
shown to vary in a complex manner with energy from 10 17 to 10 2O eV. Near 10 1 eV an amplitude 
of several percent is detected while above 2.10 19 eV, where the energy spectrum flattens, 
particles are observed to come preferentially from high galactic latitudes. The energy 
spectrum and arrival direction measurements are reviewed and the importance to their 
interpretation of a reliable estimate of the mass composition within this energy range 
discussed. 

(1) Work at the British Extensive Air Shower array at Haverah Park is supported by the 
Science Research Council, U.K. 

(2) Cunningham, Lloyd-Evans, Pollock, Reid and Watson, The energy spectrum and arrival 
direction distribution of cosmic rays with energies above 10 19 eV, Ap J Letters, 

(March 1930). 

HB 2 Isotopic Composition of Low Energy Galactic Cosmic Rays. 

E.C. STONE, California Institute of Technology. (30 min.) 

HB 3 Cosmic-Ray Modulation and the Structure of the Heliospheric Magnetic Field. 

J R. JOKIPII, University of Arizona. (30 min.) 

HB 4 Composition and Compositional Anomalies of Heavy Ions in Solar Flare Particle Events.* 

G.M. MASON. University of Maryland. (30 min.) 

We 1 have surveyed the abundances of the major elements over the range H - Fe in solar flare 
energetic particles near 1 MeV/nucleon for a large number of flares during the solar minimum 
period 1973-1977. The observations were carried out in interplanetary space using the University 
of Maryland/Max-Planck-Institut instrumentation on the IMP-8 spacecraft. The survey considered 
two types of solar flare events: (1) large events from which the average abundances were deduced, 
and (2) events which had significant abundance differences from the average. The average abun- 
dances near 1 MeV/nucleon for the large events are similar to previous abundance compilations for 
energies >10 MeV/nucleon based on a limited number of flare events. Where comparisons can be 
made, the^abundances are similar to solar photospheric and coronal values, the largest differ¬ 
ences being Ne and Mg, which are relatively more abundant in the energetic particles. For the 
large events, variations in the abundances from flare to flare, and with time during single 
flare, give no indication that the physical mechanisms preferentially accelerate any particular 
species over the energy range of the observations. Therefore it is suggested that the reported 
photospheric-coronal abundances of Ne and Mg might be too low. The events with the most extreme 
abundance differences from the average were all small solar flare events, consistent with a 
pattern for the entire survey wherein abundance variations from flare to flare were found to 
increase with decreasing peak intensity of the event. The types of abundances anomalies found 
included simultaneous 3 He and heavy nucleus enrichments for 0 - Fe, carbon depletion reported 
previously, and two additional types: (a) an event with 3 He enrichment and no heavy ion enhance¬ 
ments, and (b) a 3 He-rich event with only Si-Fe enriched. Implications for a plasma-wave heating 
model to produce 3 He and Fe enrichments are discussed in the context of the observations 
presented here. 

*This work is supported in part by NASA under contract NAS5-11067, and grants NGR21-002-224, 
NGR21-002-316 and NSG7411, and by the German government. 

lG.M. Mason, L.A. Fisk, D. Hovestadt, and G. Gloeckler, Astrophysical Journal (in press). 


I SESSION HC: SYMPOSIUM OF THE DIVISION OF FLUID DYNAMICS: QUANTUM FLUIDS 
Wednesday afternoon, 30 April 1980; Palladium Room, Shoreham-Americana Hotel at 2:00 P.M.; H. Meyer, presiding 

HC 1 Determination of the Condensate Fraction in Superfluid 4 He from Neutron Scattering Experiments. 

E.C. SVENSSON, Atomic Energy Canada Ltd. (40 min.) 

It is generally believed that the unique properties of superfluid 4 He arise because a finite frac¬ 
tion, n 0 , of the atoms are condensed into the zero-momentum state, and the problem of determining 
n Q has, for many years, attracted much theoretical and experimental attention. The condensate 
can, at least in principle, be probed experimentally either through its effect on the momentum 
distribution of the atoms as reflected in the dynamic structuTe factor S(Q,to) or through its 
effect on the spatial correlations of the atoms as reflected in the pair-correlation function 
g(r). Many previous neutron-scattering studies aimed at determining n G from S(Q,to) have given ap- 
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parently contradictory values in the range 2-17%. This disagreement, we feel, latgely reflects 
differences and inadequacies in analysis. By applying the method of Hyland et al.l to g(r) values 
obtained from new neutron-diffraction measurements^, we have recently determined"^ n 0 (T) for seven 
temperatures in the range 1.00 < T < 2.15 K. The results are very well described 3 by 
VT) = n o(°) t 1 “ (T/T^) a ] with n o (0) = 0.133 ±0.012 and a = 6.2 ±1.6 . By applying the same 
method to X-ray results, Robkoff et al. 4 have also obtained n Q = (9±3)% at 1.67 K in good agree¬ 
ment with our values. More recently we have carried out a high-resolution neutron-scattering 
study 5 of S(Q,w) for 4 < Q < 7 A" 1 at temperatures of 1.00, 2.12, 2.27 and 4.27 K, and have 
developed a new procedure 5 for extracting n 0 (T) from such results. We obtain values of n Q for 
1.00 and 2.12 K which are in excellent agreement with the values determined 3 from g(r). We 
therefore now have n Q (T) values obtained from two completely different approaches which agree very 
well with each other and with the best theoretical values of n o (0). While this agreement can 
hardly be fortuitous, we feel obligated to stress that the procedures for extracting n Q from the 
experimental results still need to be placed on a firmer theoretical basis. 

^G.J. Hyland, G. Rowlands, and F.W. Cummings, Phys. Lett. 31A , 465 (1970). 
fE.C. Svensson, V.F. Sears, A.D.B. Woods, and P. Martel, Phys. Rev. B (in press). 

"V.F. Sears and E.C. Svensson, Phys. Rev. Lett. _43, 2009 (1979). 

^H.N. Robkoff, D.A. Ewen and R.B. Hallock, Phys. Rev. Lett. 43, 2006 (1979). 

5 V.F. Sears, E.C. Svensson, P. Martel, and A.D.B. Woods (to be published). 

HC 2 Neutron Scattering from Excitations in Normal Liquid 3 He. 

C. PELIZZARI, Argonne National Lab. (40 min.) 

Recently, neutron inelastic scattering has been used to investigate the dynamic behavior of 
normal liquid J He at frequencies and wave vectors for which the Landau Fermi-liquid theory 
is not valid. The particle-hole band and a collisionless collective excitation ("zero sound") 
have been directly observed for the first time at microscopic wave vectors. The temperature 
dependence of these excitations has also been studied. 


Work performed under the auspices of the U. S. Department of Energy. 

HC 3 Transport and Polarization in 3 He. K. BEDELLE, University of Illinois. (40 min.) 

The polarization potential model proposed by Pines'*’ has been used to construct the quasiparticle 
scattering amplitudes for 3 He. Aldrich and Pines used the inelastic neutron scattering data of 
Skold et al. to determine the parameters of the polarization potentials. All of the parameters 
were determined, with the exception of the difference in core sizes of the polarization potentials. 
By applying these polarization potentials to the construction of scattering amplitudes we calcu¬ 
lated the transport properties of 3 He: thermal conductivity k, viscosity n, spin diffusion D, 
and normal state quasiparticle lifetime t( 0). The only parameter in the model is the quantity 
^ = 1 “ r f,|,/ r tf where r ++ and r are the core sizes for antiparallel and parallel spin particle 
polarization potentials. Excellent agreement with all of the transport properties from svp to 
melting pressure has been achieved. Moreover, within the framework of our model, an anti-ferro¬ 
magnetic instability at finite momentum can be ruled out in 3 He. 

^Supported in part by the National Science Foundation Grant DMR78-21068. 

D. Pines, in Quantum Fluids , ed. D. R. Brewer (North-Holland, Amsterdam, 1966), p. 257. 

2 C. H. Aldrich III and D. Pines, J. Low Temp. Phys. 32, 689 (1978). 

3 — 

K. Skold, C. A. Pelizzari, R. Kleb, and C. E. Ostrowski, Phys. Rev. Lett. 37., 842 (1976). 

HC 4 Is There a Superfluid Mass in Solid He 4 ? M. PAALANEN, Bell Labs. (40 min.) 


■ SESSION HD: SYMPOSIUM OF THE DIVISION OF PARTICLES AND FIELDS: HADRONIC PHYSICS AT MODERATE TRANSVERSE 
MOMENTUM 

Wednesday afternoon, 30 April 1980; Empire Room, Shoreham-Americana Hotel at 2:00 P.M.; Peter Nemethy, presiding 

HD 1 Small Angle Elastic Scattering at Fermi Lab. Energies: Forward Slopes and the Real Part for 7 T+p, K 1 p, pp, and pp Elastic Scattering. 
A.J. SLAUGHTER, Yale University. (30 min.) 

HD 2 Baryon Magnetic Moments. T.J. DEVLIN, Rutgers University. (30 min.) 

HD 3 A Quasi Nuclear Colored Quark Model that Works Too Well. H.J. LIPKIN, Argonne National Lab. (30 min.) 

HD 4 Hadron Structure and the Hadronization of Quarks.* R.C. HWA, University of Oregon. (30 min.) 

Hadro^ structure is investigated in the framework in which a nucleon can be described at 
low Q by a composite system of three valence quark clusters, called valons. Using QCD for 
the description of valon structure functions at high Q 3 , we extract the valon distribution 
in a nucleon from data on deep inelastic scattering. The valon representation offers a 
precise definition of the recombination function which describes the hadronization of quarks. 

The ideas have been applied to the calculation of quark fragmentation function and inclusive 
distribution of low-p^ hadronic reactions. Good agreements with data have been obtained 
in both problems without any adjustable parameters. 

*Supported in part by the U.S. Department of Energy. 
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I SESSION HE: NUCLEAR STRUCTURE THEORY 
Wednesday afternoon, 30 April 1980 
Baltimore Room, Sheraton Washington Hotel at 2:00 P.M. 

J. Vary, presiding 

HE 1 Effective Mass and Exchange Current 
Effects in Finite Nuclei .* A. MEKJIAN and 
L. ZAMICK, Rutgers Univ T—The connection _ 
between the effective mass of a nucleon in 
a nucleus due to the velocity dependence of 
effective nucleon-nucleon interaction and 
the change in the orbital g-factor of a 
nucleon due to exchange current effects is 
discussed. The relationship of these two 
quantities with the enhancement to the 
photonuclear El sum rule is also investi¬ 
gated. Nuclear structure effects are found 
to be important in the inter-relationships 
of these quantities. The ratio ic/6g^ varies 
from about four to three as one goes from 
A=4 to A=90. This is to be compared with 
the infinite nuclear matter result of two 
obtained by Fujita and Hirata. 

*Supported by the National Science Foundation. 

HE 2 Microscopic Folded Diagram Calculation of 
Nuclear Coulomb Displacement Energies. K.C. TAM, 

H. MUETHER, M. SOMMERMANN, T.T.S. KUO, A. FAESSLER, 

IKP der KFA Jiilich .* — We have performed an extensive 
microscopic calculation of the ^ F—^^0 Coulomb energy 
differences AE C . Using a proton-neutron representation 
we have included higher order Coulomb corrections and 
collective core vibrations. The inclusion of folded 
diagrams is very important; it is equivalent to a self- 
consistent treatment of the Q-box starting energy. It 
causes a significant suppression of the core polariza¬ 
tion effect, its contribution to AE q becoming small, 
about 0.03 MeV. As a consequence our results become 
very stable with respect to different single particle 
spectra. The Reid soft-core and the meson exchange 
Bonn-Julich potentials also lead to quite similar re¬ 
sults for AE : 3.43 and 3.40 MeV, respectively 
(j=5/2 + ). Experiment yields 3.54 MeV. An extended 

Brueckner-Hartree-Fock-type calculation improves the 

value for j=l/2 + , but not for j=5/2 + or 3/2 . The in¬ 
clusion of core deformation or mesonic degrees of 
freedom or both will be needed to further explain the 
Coulomb displacement energies. 

*supported by USD0E and the Humboldt-Foundation 

HE 3 Weak-Coupling Approximations in the s-d Shell . 

J. B. McGRORY, Oak Ridge National Lab.*, Oak Ridge, TN *~~ 
Shell-model calculations of all nuclei between ib 0 and 
40 Ca with a 16 0 doubly-closed core and all possible 
states of all configurations (d 5 / 2 »si/ 2 »d3/2) n bave been 
reported and such calculations describe many observed 
properties of these nuclei. In a search for simple 
approximation schemes for shell—model calculations where 
complete spaces are intractable, a weak-coupling approxi¬ 
mation has been made for the even-even s-d shell nuclei 
20 Ne, 24 Mg, and 28 Si. The weak coupling basis is the 
coupling of exact solutions of the p-p and n-n parts of 
the residual interaction; e.g., 20 Ne is the coupling of 
18 0 states at 18 Ne. The n-p interaction is diagonalized 
in this weak-coupling basis. The qualitative feature of 
rotational bands in 24 Mg and 28 Si are reproduced in 
spaces where 6-8 proton states and neutron states are in¬ 
cluded in the basis. Detailed spectroscopic results and 
analyses of the truncated wave functions will be pre¬ 
sented. 

*0perated by Union Carbide Corporation for the U. S. 
Department of Energy under contract W-7405-eng-26. 

HE 4 The Positive Parity States in ^ 93 > 195Au and Dynamical 
Supersymmetries. * J. L. WOOD, School of Physics, Georgia 
Tech., Atlanta, Georgia 30332. — Very recently, Iachelloi 
has suggested that dynamical super (Bose-Fermi) symmetries 


may be present in the spectra of complex nuclei. A particu¬ 
larly simple situation was discussed for a supersymmetry 
generated by bosons with 0(6) r> 0(5) ;> 0(3) symmetry and a 
fermion with j = 3/2. Such a situation seems to be very close¬ 
ly approached in the cases of 193 » 195 Au. The positive parity 
states in these nuclei are discussed in the light of this sugges¬ 
tion. 

* Work supported in part by the Department of Energy. 

1 F. Iachello, preprint. 


he 5 New Semi-Empirical M oment Method For Calculating 
Empirical Nuclear Interaction. B.J. DALTON, D. REED- 
MARGETAN and F. MARGETAN, Ames Lab., Iowa State Univ.— 
Using the shell model Gaussian form to fit level density 
data in the sdf shell we obtain empirical values for the 
first two moments of H. Then using Ginocchio's reduct¬ 
ion formula for moments, the neutron and proton number 
dependence is separated out to let us determine numerical 
values for certain "basic sums" of the one and two-body 
matrix elements of H. These empirical values are then in 
turn used to determine or restrict single particle 
energies, interaction potential strengths and interaction 
ranges. We will report upon using this method in 
determination of an empirical interaction for the sdf 
shell. 


he 6 Computational Methods for Traces in Many Fermion 
Systems. F. MARGETAN and B.J. DALTON, Ames Lab ., 

Spectral distribution calculations for many fermion 
systems require traces of products of one and two-body 
operators. Such traces may be calculated by using the 
method of Ayik and Ginocchio 1 . This method requires Dg, 
the sum of all possible full contractions of the 
operator product having exactly t left contractions. We 
present a computer algorithm for recognizing and combin¬ 
ing equivalent contractions. For several choices of the 
operator product, the algorithm is used to generate the 
minimal list of terms needed for the evaluation of D£. 

The list is constructed in such a way that the presence 
of special symmetries (e.g. the multiple occurance of a 
given basic operator in the product) results in obvious 
simplifications. Tables produced by using the algorithm 
are applicable to both scalar and configuration average 
calculations. 

1 S. Ayik and J.N. Ginocchio, Nucl. Physics A221 (1974), 

285. 

he 7 New Semi-Empirical Moment Methods For Calculating 
Nuclear Level Densities. D. REED-MARGETAN, B.J. DALTON, 
Ames Lab., Iowa State Univ ., S. GRIMES, Livermore Lab .— 

We first show that the shell model Gaussian form, para¬ 
meterized by two moments, gives an excellent fit to the 
level densities for forty 23<A<40 nuclei. Using the 
Ginocchio reduction formula we directly obtain express¬ 
ions for the neutron and proton number dependence of 
these two moments. These expressions are completely 
determined by certain "basic sums" which depend only upon 
the one and two-body matrix elements. Rather than com¬ 
pute these basic sums from an interaction we determine 
them by fitting the level densities of a few nuclei in 
the sdf shell, and in turn, use these quantities to 
predict the level densities for other nuclei in the 
region. With this method, level densities for nuclei 
far from stability can be calculated. 

HE 8 Semi-Empirical Moment Methods For Level Densities 
Comparison of Fits For Two Shell Model Spaces . S. GRIMES, 
Livermore Lab., D. REED-MARGETAN and B. J. DALTON, Ames Lab 
The shell model Gaussian form is fitted to the measured 
level densities for 23 <. A £ 40 nuclei . Fits for the 
sdf shell model basis are compared with those for the 
sdfppf shell model basis. In particular, we discuss how. 
the predicted level densities for nuclei far from stability 
differ for the two basis. The potential significance 
of this semi-empirica1 method for calculating level 
densities will be discussed. 
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HE 9 Vibrations with a Zero Range Interaction 
and the Multipole Condition .* AFSAR ABBAS and 
LARRY ZAMICK, Rutgers Univ .—Isoscalar collec¬ 
tive vibrations-monopole, quadrupole and octo- 
pole are found for a series of N-Z closed shell 
nuclei from A=4 to A=480. A delta interaction 
-G6 ( 3 : 12 ) is used, with G chosen by the multipole 
condition , that the mean single-particle single¬ 
hole potential energy splitting for the multipole 
state is equal to the mean kinetic energy split¬ 
ting. The asymptotic value of the mean energy 
of the quadrupole state is about 1.5 ha). Below 
this we find pigmy quadrupole states. The mono¬ 
pole state undergoes collapse when the 'monopole 
condition' is used. The lowest negative parity 
modes 1”, 3“, 5~...undergo near or complete 
collapse in nuclei for which the wave functions 
have AN=1 components. 


*Supported by the National Science Foundation. 


HE 10 Second Order J-Averaged Effect and Higher-Shell 
Behavior . J. Chai, Old Dominion Univ.- -The effect of 2nd 
order J-averaged core polarization diagram <G3plh>f of 
Od^lpi^-valence configuration mixing into 40 Ca(0d5/i0f 7/i ) 
was examined for intermediate -state excitations up to 
lOfioo in perturbation treatment. It was found that the 
Odi^ 1 P 3 / 2 . mixing was of little importance to the energy 
centroid isospin splitting (T=l - T=0). The higher shell 
behavior of the other two second order diagrams <G2p>j 
and <G4p2h>j were also examined for 4 °Ca(0dij z 0f 7 /i) and 
34 Cl(0d 3 / z ). The contributions from these diagrams were 
treated as upper limits due to their particular nature. 
For 34 C1, both J-averaged diagrams were small, thus our 
previous results 1 were not changed significantly; for 
40 Ca the <G2p>j diagram would account for 0.6 MeV of 
the needed 0.8 MeV repulsion in T=1 states . Together 
with contributions from <G4p2h>j , our previous results 
for 40 Ca would be improved to agree with experimental 
data. 


1 J. Chai and S.A. Moszkowski, Phys. Rev. 09,1954(1979). 


HE 11 Theoretical Study of the Tungsten Isotopes Using 
the Interacting Boson Model . P.D. DUVAL and B.R. BARRETT, 
U. of Az .*—The Interacting Boson Model (IBM) of Arima 
and Iachello 1 and coworkers 2 has been used to make a 
schematic study of the tungsten isotopes„ The IBM 


Hamiltonian H = e(n. +n, 

diT d - 


) + kq( 2 )*q( 2 ) with 




( 2 ) 


Mv) (d+X ^i(v)> de P ends U P° n 
four parameters, e, k, and x v ° For each isotope of 

tungsten we determine the values of these four parameters 
which give the best fit to the experimental energy spec¬ 
trum. Using the same values of these parameters for 
each isotope, we also obtain reasonable results the B(E2) 
transition rates and the two-neutron separation energies. 
The long-range goal is to understand the origin of these 
parameters in terms of a microscopic theory, such as the 
nuclear shel1 model. 

*Supported in part by NSF Grant No, PHY-7902654. 

! A. Arima and F. Iachello, Ann. Phys. (NY) 99, 253 
(1976); TJJ_, 201 (1978) 0 “ 

2 0. Scholten, F. Iachello and A. Arima, Ann. Phys. (NY) 
115 , 325 (1978). 


HE 12 Gauge Invariant Periodic Quantization for Pure 
Parity States in LMG Model .* KIT-KEUNG KAN, U. of Mary ¬ 
land, College Park —The Gauge Invariant Periodic Quanti¬ 
zation method 1 generalized from the formulation 2 based 
on time-dependent Hartree-Fock (TDHF) is illustrated by 
applying it to pure parity time-dependent states of the 
Lipkin-Meshkov-Glick (LMG) model. Such pure parity 
states are even and odd combinations of two determinants 
connected by the parity transformation, under which the 
LMG Hamiltonian is invariant. The method provides an 
energy spectrum, improved both qualitatively and quanti¬ 


tatively over the TDHF Gauge Invariant states, 2 * 3 which 
have mixed parity. In particular, it yields the correct 
number of states for all interaction strengths, in con¬ 
trast to the TDHF case, which exhibits two extra states 
for some ranges of strength. 

* 

Work supported by the U. S. Department of Energy. 

1. K.-K. Kan, et al., to be published. 

2. K.-K. Kan, et al., Nucl. Phys. A332 , 1126 (1979). 

3. K.-K. Kan, et al., Phys. Rev. C (in press). 

HE 13 Gauge Invariant TDHF Eigenstates for Collective 

Modes .* M. DWORZECKA, K.-K. KAN and J. J. GRIFFIN, 

U. of Maryland, College Park —We study Gauge Invariant 
Periodic Eigensolutions 1 for 16 0. We use Skyrme forces 
and Slater determinants of single-particle wave func¬ 
tions in the polar form, 2 

^(ct.y) = u i (a)exp [-imyS(a) /Hfi] , 

where Uj[(a) are the eigenfunctions in a harmonic oscil¬ 
lator potential, V(a) with deformation parameter a. The 
equations of motion for a(t) and y(t) are obtained 1 from 
the variational principle. 3 The calculations are per¬ 
formed for monopole and quadrupole vibrations. The dis¬ 
crete gauge invariant state energies are unequally 
spaced. Also the period, T, is state dependent. Thus 
the Gauge Invariant TDHF Eigenspectrum differs from the 
harmonic spectrum of small amplitude TDHF. 

* 

Work supported by the U. S. Department of Energy. 

1. K.-K. Kan, et al., Nucl. Phys. A332 , 109 (1979). 

2. K.-K. KanandJ. J. Griffin, Phys. Rev. C15, 1126(1979). 

3. P. C. Lichtner, et al., Phys. Rev. C20, 845 (1979); 
Phys. Lett.88R, 221 (1979). 


HE 14 The Boson Expansion Procedure for the Description 
of Collective Motion.* K.J. Weeks and T. Tamura, Univ. 
of Texas — The boson expansion method 1 * 2 has been shown 
to provide an accurate description of collective nuclei 
in the mass region A= 100 to 200. The convergence pro¬ 
perties, method and area of application of the boson 
expansion will be outlined. Numerical demonstration of 
convergence will be presented along with a review of re¬ 
cent results. This will include the Os-Pt region where 
y-unstable conditions underlie the transition from pro¬ 
late to oblate deformed nature. Comparison of residual 
interaction strength parameters which are used to fit 
the data will be given for different mass regions. 

* Supported by U.S.D.O.E. 

1 T. Kishimoto and T. Tamura, Nucl. Phys. A270 , 317 
(1976). 

2 T. Tamura, K. Weeks, and T. Kishimoto, Phys. Rev. C 
20, 307 (1979). 


( SESSION HF: ELECTRON SCATTERING AND PHOTONUCLEAR 
REACTIONS 

Wednesday afternoon, 30 April 1980 

Annapolis Room, Sheraton Washington Hotel at 2:00 P.M. 

W. Turchinetz, presiding 

HF 1 . * 

Inelastic Electron Scattering from Q . 

T. N. BUTI, W. BERTOZZI, M. DEADY, W. HERSMAN, C. HYDE, 

M. V. HYNES, J. KELLY, S. KOWALSKI, J. LITCHENSTADT, 

B. NORUM, B. PETERSON, F. N. RAD, C. P. SARGENT, 

W. TURCHINETZ, M.I.T ., B. BERMAN, L.L.L . - The elec¬ 

troexcitation of the low lying states of 1 6 0-0 + (6.05 MeV) , 
3 (6.131 MeV), 2 + (6.92 MeV) and 1“ (7.115 MeV) was studied 
with high resolution, in the momentum-transfer region 
from 0.9 to 2.5 fm” 1 , at both 90° and 160° scattering 
angles. A peak-fitting procedure was employed to separ¬ 
ate the 0 + (6.05 MeV) from the predominant 3“(6.131 MeV). 

A Rosenbluth separation of longitudinal and transverse 
form factors was performed. Comparison with previous 
measurements will be made., Isospin impurity and a 
possible isovector contribution to the 1" form factor 
will be investigated. Preliminary calculations with the 
various nuclear models will be presented. The use of the 
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measured transition densities for the 1 states as input 
data for inelastic proton scattering calculations will be 
discussed. 

*Supported in part by U.S. DOE Contract 
EY-76-C-02-3069. 

HF 2 Comparisons between Electron and 135 MeV proton 
Scattering from the Oxygen Isotopes* . 

J. Kelly, W. Bertozzi, T. Buti, M. Deady, W. Hersman, 

C. Hyde, M. V. Hynes, S. Kowalski, J. Lichtenstadt, 

B. Norum**, B. Peterson, B. Pugh, F. N. Rad, C. P. Sar¬ 
gent, W. Turchinetz, M.I.T ., B. Berman, L.L.L ., A. Bach- 
er, S. Emery, C. Foster, W. Jones, D. Miller, I.U ., 

F. Petrovich, F.S.U ., W. G. Love, U. Ga .-New 135 MeV 

elastic and inelastic scattering data on the oxygen iso¬ 
tope ( 16 0, 17 0 and 18 0) are reported. The data are 
adequately described by DWIA calculations that employ 
recently measured electron scattering proton transition 
densities. 1 Sensitivity of the proton scattering re¬ 
sults to neutron densities is exhibited. Density 
dependent central interactions consistent with nuclear 
matter calculations 2 are shown to improve the agree¬ 
ment between predictions and the data. 

* Supported in part by U.S. DOE Contract 
EY-76-C-02-3069 
** Now at U.Va . 

1 H. Miska et al, Phy. Lett., 83B(1979)165. 

B. Norum et al, to be published 

T. Buti et al, these proceedings. 

2 F. A. Brieva, in Microscopic Optical Potentials , 
ed. H. v. Geramb (Springer, 1979). 

HP 3 Electron Scattering from the Single-Particle 

States of 1T 0. M.V. HYNES, W. BERTOZZI, T. BUTI, M. 

DEADY, W. HERSMAN, C. HYDE, J. KELLY, S. KOWALSKI, J. 
LIGHTENSTATD, R. LOURIE, B. PETERSON. B. PUGH, F. N. 

RAD, C.P. SARGENT, W. TURCHINETZ, MIT; B. NORUM, 

U. Va.; B.L. BERMAN, LLL. —Electron-scattering 
measurements of the longitudinal and transverse form 
factors for the 1/2+ (0.871 MeV) and 3/4 + (5.083 MeV) 
excited states of 17 0 will be presented. The data 
show considerable departures from single-particle be¬ 
havior. As in the ground state, core-polarization 
effects are large, enhancing the longitudinal effects 
and suppressing the transverse. Recent calculations 
which include core-polarization effects will be 
discussed. 

*Supported in part by U.S. DOE Contract EY-76-C-02-3069 

HF 4 Magnetic Electron Scattering from 181 Ta F. N. 
RAD, W. BERTOZZI, M. V. HYNES, S. KOWALSKI, B. NORUM, 

C. P. SARGENT, T. SASANUMA, W. TURCHINETZ, AND C. F. 
WILLIAMSON, MIT*-Experimental cross section for elastic 
and inelastic electron scattering at Blab = 180° for 
181 Ta has been obtained in the momentum transfer range 
l.Ofiif ^qeff^.lfm ” 1 • Preliminary analysis indicates 
sizable suppression of M3, M5, and M7 multipoles when 
compared against a harmonic oscillator single particle 
prediction. These results will be compared with a re¬ 
cent Hartree-Fock calculation 1 which includes single¬ 
particle contribution in addition to those due to the 
deformed core. 

! E. Moya de Guerra and S. Kowalski, Bull. Am. Phys. Soc. 
24 , 16(1979) and to be published. 

Supported by U. S. DOE Contract EY-76-C-02-3069 

HF 5 180° Electron Scattering from 15 N .* R.P. 

SINGHAL, R.S. HICKS, R. LINDGREN, B. PARKER, and G.A. 
PETERSON, University of Massachusetts, Amherst.+ — 
Transverse electron scattering cross sections have been 
measured at 180° for 15 N at the Bates Electron Linear 
Accelerator for excitation energies up to 30 MeV. A gas 
target system was used with 99.2% enriched 15 N. The 
electron energy was varied between 90 MeV and 210 MeV. 

In addition to the elastic magnetic scattering, promin¬ 
ent excitations were observed at 5.28, 6.32, 7.57, 9.15, 


10.65, 11.85, 12.49, 13.98, 20.10, and 23.25 MeV. The 
range of momentum transfer will be increased in forth¬ 
coming runs and identification of AJ 71 = 4” transitions 
will be reported. 

*Submitted by G.A. Peterson 

tWork supported by the U.S. Department of Energy. 

jjF 6 Kinematic Scaling Applied to Deep Inelastic 
Electron Scattering from ^Ca and tf8 Ca . PETER D. 
ZIMMERMAN 1 , R. ALTEMUS 2 , C. C. BLATCHLEY 1 , M. DEADY 3 , 

m. finn 4 , j. s. McCarthy 2 , piran sioshansi 1 , r. r. 

WHITNEY 2 , & C. F. WILLIAMSON 3 .—The response functions 
for deep inelastic electron scattering on 40 Ca and 48 Ca 
are compared when plotted as a function of the scaling 
variable, y, where y = P u q u /|q u |. The four-momentum P u 
is that of the nucleon before scattering, and the four- 
momentum q u is that imparted by the scattered electron. 
The use of the scaling technique to separate electro¬ 
magnetic scattering on individual nucleons from other 
processes will be discussed. 

1 Department of Physics & Astronomy, Louisiana State 
University, Baton Rouge, LA 70803; supported in part 
by the National Science Foundation. 

2 Department of Physics, University of Virginia, 
Charlottesville, VA 22901; supported in part by DOE 
under Contract No. D-AS05-78ER05861. 

3 Bates Linear Accelerator Center and Department of 
Physics, MIT, Cambridge, MA 02139; supported in part 
by DOE under Contract No. EY-76-C-02-3069. 

4 CEN Saclay, Gif-sur-Yvette, France. 

HF 7 Deep Inelastic Electron Scattering on 40 Ca and 
48 Ca . M. DEADY 1 , R. ALTEMUS 2 , C. C. BLATCHLEY 3 , M. 

finn 4 , j. s. McCarthy 2 , piran sioshansi 3 , r. r. 

WHITNEY 2 , C. F. WILLIAMSON 1 , PETER D. ZIMMERMAN 3 .—The 
response functions for electron scattering in the region 
of the quasi-free peak have been mapped over the momen¬ 
tum transfer range 0.7 ^ q ^ 2.5 fm 1 for Ca and Ca 
at the Bates Linear Accelerator Center. Measurements 
were made at laboratory scattering angles of 90°, 140°, 
and 160°, and the separation of the response functions 
into transverse and longitudinal parts has been made. 

A comparison of these response functions will be made 
to those calculated from the non-interacting degenerate 
Fermi gas model. 

1 Bates Linear Accelerator Center & Department of 
Physics, MIT, Cambridge, MA 02139; supported in part 
by DOE under Contract #EY-76-C-02-3069. 

2 Department of Physics, University of Virginia, 
Charlottesville, VA 22901; supported in part by DOE 
under Contract #D-AS05-78ER05861. 

3 Department of Physics & Astronomy, Louisiana State 
University, Baton Rouge, LA 70803; supported in part 
by the National Science Foundation. 

4 CEN Saclay, Gif-sur-Yvette, France. 

HF 8 Transverse Form Factors of Natural Parity Low 
Snin States in ^^Pb^ 'J.'""LICHTENSTADT, C. N. PAPANIC0LAS, 
and C. P. SARGENT, M.I.T. , J. HEISENBERG, U.N.H. , and 
J. S. MCCARTHY, U.VA.- Natural parity states of spin up 
to J* = 8 + have been studied via high resolution inelas¬ 
tic electron scattering at the MIT Bates Linear Acceler¬ 
ator. Measurements were done at 90° and 160° covering 
the momentum transfer range of 0 .7<q<2. 5fm" 1 at both 
angles. Transition charge densities were obtained by a 
Fourier Bessel analysis for states which were believed 
to have mostly longitudinal form factors from the 90° 
data where the transverse form factor contributions are 
very small. The new 160° data were compared to DWBA 
cross sections from these densities. Observed discrep¬ 
ancies in some states due to the enhanced transverse 
form factor contributions at 160° will be discussed. 

*Work supported by U.S. Department of Energy 

HP 9 Interpretation of the T g l Levels in Carbon b^ 
Generalized Helm Model » J»P» ERTEL and H. tJBERALL, 
Catholic University —Recent inelastic electron 
scattering experiments probing the spatial distribution 
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of nucleons for the T=1 levels in carbon''*;* have yielded 
form factor data over a broad enough range of momentum 
transfer to provide a more rigorous test of the 
generalized Helm model. v<sr By using physically meaningful 
constraints, we have reduced the quasi-infinite 
chi-squared hyper-space to a reasonable volume and have 
made a rather exhaustive search for the optimum 
parameterization of the available form factors and 
photon points 4,7 through the generalized Helm model. We 
present here the systematics of the transition charge 
density resulting from those fits. (Supported by NSF) 

1 A. YAMAGUCHI et al., Phys. Rev. C3, 1750 (1971) 

*J.B. FLANZ et al., Phys. Rev. Lett. 41, 1642 (1978) 

3 J.B• FLANZ et al., Phys. Rev. Lett. 4_3, 1922 (1979) 

*H. UBERALL, Electron Scattering From Complex Nuclei 
(Academic Press, 1971) 

r M. ROSEN e_t _al_., Phys. Rev. 163 , 927 (1967) 

4 R.E. SEGEL et al., Phys. Rev. _139, B818 (1965) 

? B.T. CHERTOK et al., Phys. Rev. C£, 23 (1973) 

HF 10 Coulomb Wave Expansion in Electron Scattering . 

P. DURGAPAL and D. ONLEY, Ohio Univ.*—Coulomb waves (CW) 
are the solutions of the Dirac equation with a point- 
charge potential and are known analytic functions 
(Whittaker Functions). A number of matrix elements 
involving two CW can be evaluated analytically, making 
the CW basis an attractive alternative to the distorted 
wave basis. The difference between the point-charge 
potential and the distributed-charge potential is 
treated as a perturbation. Phase shifts are calculated 
analytically for a distribution of the form P(x) exp(—ax), 
where P(x) is a polynomial. Also calculated are radial 
integrals for electric monopole and quadrupole excita¬ 
tions, in the same approximation. Scattering cross 
sections are compared with the conventional distorted 
wave calculations. The approximation works best for 
large angular momentum partial waves. It could not, in 
general, replace distorted wave calculations for the 
lowest partial waves but it could serve to restrict 
numerical calculations to this range. 

*Work supported by Ohio Univ. Research Council and 
the United States Department of Energy 

HF 11 Calculation of Pair Production Cross Section 
in DWBA .* D. W. Kosik and L. E. Wright, Ohio Univ.— 

A source of major uncertainty in the analysis of total 
photonuclear cross sections has been the Coulomb dis¬ 
tortion effects in pair production-'-. The only exist¬ 
ing calculation 2 is limited to photon energies less 
than approximately 5 MeV. We have succeeded in calcu¬ 
lating the pair production cross section at higher 
energy using newly developed mathematical techniques, 
and will compare our results to the plane wave result 
(Bethe-Heitler) as well as to the recently proposed 
empirical function of 0verb0 2 . To date we have only 
succeeded in calculating the cross section for photon 
energies up to 10 MeV, but the region between 5 MeV 
and 10 MeV is quite important since in that region the 
Coulomb distortion switches from enhancement to re¬ 
duction of the plane wave result. 

^Supported in part by DOE Grant DE-AC02-79ER10397 

L. C. Maximon, NBS Technical Report 955 (U.S. Dept, of 
Commerce, National Bureau of Standards, August 1977). 

2 

I. 0verb0, J. Mark and II.A. Olsen, Phys. Rev. A8, 688 
(1973). 

3 

I. 0verb0, Phys. Lett. 71B, 412 (1977). 

HF 12 Total Photon Cross Sections of Al, Ta, and Bi 
Between 3~and 30 MeV. N.K. SHEfeMAN, G.M.' EV^AftT 
C.K. ROSS, National Research Council, Ottawa, Canada — 
Data obtained 1 using 42 MeV bremsstrahlung on a liquid 
deuterium target viewed by a photoneutron time of flight 
detector has been reanalyzed along with more recent data, 
oross sections of Al, Ta, and Bi for absorption of y-rays were 
obtained from many separate data sets, then averaged 


according to statistical weight. New photonuclear structure 
has been observed in Al and Bi. The measured Ta and Bi cross 
sections minus the photonuclear part agree closely with 
recent calculations 2 of the atomic cross sections which are 
about 2% and 3% larger respectively at 25 MeV than older 
tabulated values. Our results agree closely with 
measurements by resonance absorption and by Compton 
spectrometer. However, chi-square analysis indicates that 
above 25 MeV our measured cross sections for Bi exceed the 
newly calculated values by (0.8 + 0.7)%. 

*N.K. Sherman, C.K. Ross, and K.H. Lokan, Internat. Conf. 
on Nucl. Phys. with Electromagnetic Interactions, Mainz 
(1979), Contrib. Papers Volume, Page 4.31. 

2 3.H. Hubbell, H.A. Gimm, and I. tyverbp, private 
communication. 


HF 13 Radiative Capture of Neutrons by 3 He .* L. WARD, 
D.R, TILLEY, N.C. State University and TUNL , S.A. WENDER, 
N.R. ROBERSON, H.R. WELLER, Duke University and TUNL , and 
D. SKOPIK, University of Saskatchewan .—The neutron radia¬ 
tive capture cross section of 3 He has been measured from 
E n (E x )=6.0(25.1) MeV to E n (E x )=14.5(31.5) MeV at a lab 
angle of 90°. An angular distribution measurement has 
also been made at E n =9.0 MeV. A pulsed fast neutron beam 
was produced with a chopped and bunched deuteron beam in¬ 
cident on a deuterium gas cell. The pulsed beam allowed 
the use of TOF techniques to reduce the background. The 
gaseous 3 He was contained in a stainless steel vessel 
which had a wall thickness of 1/16"; it was filled to a 
pressure of 118 ATM. Conflicting measurements of the 
absolute t+ He(y,n 0 ) cross section have been reported;** 2 
we are presently evaluating our data and will compare our 
results with those of earlier measurements. 

* Work partially supported by U.S.D.O.E. 

1. B.L. Berman et al., Phys. Rev. C4^, 723 (1971) and 
private communication. 

2. J.D. Irish, et al., Can. J. Phys. 53_, 802 (1975). 


HF 14 Inversion of Triton Moments* . R. B. CLARE, J.S. 
LEVINGER, and S. MALEKI, Rensselaer Polytechnic Inst .— 
We improve Maleki*s earlier work 1 on inversion of 
moments a to find the photoeffect cross section a(E ). 

*^00 y 7 

where = f Q o( E^) E^dE^. We assume that the cross 

section can be written as a sum of products of Laguerre 
polynomials and a decreasing exponential. We study 
several model cross sections, comparing the output cross 
section using inversion with the assumed cross section: 
e.g., a(E) = E^ exp(-cE) where E is the energy above 
threshold. Five terns in the Laguerre expansion give 
agreement within 5$. We also use Maleki's five moments 2 
for the triton (for a Volkov potential of pure Wigner 
character). Inversion gives a cross section in fair 
agreement with that calculated by Myers. 3 

^Supported in part by the National Science Foundation. 
"'‘Submitted by W. McKinley. 

1. S. Maleki and J. S. Levinger, Bull. Amer. Phys. Soc. 
24, 568 (1979). 

2. S. Maleki and J. S. Levinger, Phys. Rev. C 19, 565 
(1979). 

3. K. Myers, K. Fang, and J. S. Levinger, Phys. Rev. C 
15, 4 (1977). 


HF 15 Moments for Trinucleon Photoeffect . J. S. 
LEVINGER and R. B. CLARE, Rensselaer Polyt echnic 
Institute .—We are making three refinements in the 
Maleki-Levinger calculation* of five moments for the 
trinucleon photoeffect. First, we are making a more 
accurate calculation of the moments 02 and a 3 , by inclu¬ 
ding higher terms in the hyperspherical expansion of the 
triton wave function, and of the Volkov potential (pure 
Wigner exchange.) Second, we are calculating higher 
moments cr 4 and a 5 for this potential. Third, we are 
calculating moments for the more realistic case of a 
Volkov spin-independent potential with Serber exchange. 
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We use the inversion technique of the preceding abstract 
for each set of moments to find the photoeffect cross 
gection curve. 

Supported in part by the National Science Foundation. 

1. S. Maleki and J. S. Levinger, Phys. Rev. C 1£, 

565 ( 1979 ). 

I SESSION HG: NUCLEAR SPECTROSCOPY I 
Wednesday afternoon, 30 April 1980 
Rockville Room, Sheraton Washington Hotel at 2:00 P.M. 

S. Raboy, presiding 

HG 1 Search for Parity Non-Conservation in 6 Li .* 

R. G. H. ROBERTSON, + A. B. McDONALD, G. C. BALL, 

W. G. DAVIES, E. D. EARLE, AECL, Chalk River Nuclear 
Labs , P. L. DYER, R. C. MELIN, Michigan State Univ ., 

T. J. BOWLES, Argonne National Lab . — The a-d 
breakup of the 0^ T=1 state at 3.56 MeV in 6 Li is 
forbidden by both parity and iscspin conservation. 

An experiment is now in progress at Chalk River to 
search for resonant capture of alpha particles by 
deuterium through this state. The apparatus includes 
a deuterium gas jet target and a QDDD spectrometer to 
detect 6 Li recoils. From an initial 4 days of data- 
taking, an upper limit of lx 10“ 5 eV for the alpha 
width has been obtained, two orders of magnitude below 
the best previous limit. 1 No detailed theoretical 
treatment is yet available, but an estimate gives a 
corresponding upper limit of approximately 180 for the 
neutral current "enhancement factor". 

& 

Supported in part by U.S.N.S.F. Grant Phy. 78-22696. 
+ Alfred P. Sloan Fellow. 

*E. Bellotti et al., Nuovo Cim. 29A (1975) 106. 

HG 2 Measurements and Analysis of the ^Li(^He,oQ 
6 Li* Reaction . B. S. LIN and P.M.S. LESSER, 

Brooklyn College of CUNY . — Differential cross 
sections for formation of the 5.37 MeV(J 1T =2^T=l) 
level in ^Li have been measured via the reaction 
?Li(3He,<*)6Li at incident ^He energies in the 
range 0.8-2.5 MeV and for angles in the range 
2O°£0(Lab)<16O°. Data for the g.s., 2.18 and 
3.56 MeV excited states of ^Li were also obtained. 

The results for the g.s. and the first two ex¬ 
cited states are in good agreement with previous 
measurements 1 and show no clear resonance struc¬ 
ture. The excitation function for the 5.37 MeV 
state, however, exhibits resonance structure at 
incident 3ne energies of 1.A5 and 2.15 MeV, 
corresponding to formation of states in the 
compound nucleus, ^B, at 18.8 and 19.3 MeV 
excitation respectively. The experimental data 
are compared with the results of DWBA calcula¬ 
tions using the computer code DWUCK. 

*Work supported in part by the PSC-BHE Faculty 
Research Award Program of CUNY. 

1. P. Paul, S.L. Blatt and D. Kohler, Phys. Rev. 

137 B499 (1965). 

HG 3 States at High Excitation in 1 3 C by Inelastic 
Proton Scattering at 80 and 135 MeV . D.W. DEVINS, D.L. 
FRIESEL, and W.P. JONES, Indiana Univ. ,* B.M. SPICER, 

S. COLLINS, G.G. SHUTE, and V.C. OFFICER, Univ. of 
Melbourne,i and W.E. DOLLHOPF, Wabash College.—In the 
excitation region above 18 MeV in 1 ^C several broad 
structures have been observed in inelastic proton scat¬ 
tering, consistent with those observed in inelastic 
pion reactions. 1 One or more structures (FWHM 'u 300 
keV) at about 21.3 MeV are strongly excited at both 80 
and 135 MeV and have angular distributions character¬ 
istic of high spin states. Another at about 21.8 MeV 
is not observed at 80 MeV and has an angular distri¬ 
bution more like a lower spin state. Details will be 
presented. 

*Work supported in part by the NSF. 

^Work supported in part by the Australian Research 
Grants Committee. 

1 D. Denhard et al., Phys. Rev. Lett. 4_3, 1091 (1979). 


HG 4 Magnetic Dipole Decays to the Excited 0 + (6.05 
MeV) and the 3~ (6.13 MeV) States in 16p . P.G. IKOSSI, 

K.A. SN0VER, E.G. ADELBERGER and K.T. LESK0, University 
of Washington —We have studied the 15 N(^,y) 16 0 reaction 
populating the 0 + , 3” and 2 , 1 final state doublets 
at 6 and 7 MeV in 16 0, with the main emphasis being a 
search for resonances which decay by magnetic dipole 
y-ray emission. We searched from E p = 2.5 to 9.3 MeV 
(E x = 14.5 to 20.8 MeV). We found that the 16.22 and 
17.14 1 + T = 1 resonances 'in (JjVq) 1 have Ml decays to 
the o£ state, with "reduced" branching ratios B(M1, 1 + 

O2) / B(Ml, 1 + -+ Oj) ^ 0.7. These are the first V M1 de¬ 
cays observed to the 0j level. We also see the M1(E2) 
y-decay of the stretched particle-hole 4”, T = 1 state 
at 18.98 MeV, and a state at 18.03 MeV previously 
assigned 2 3“, T = 1, to the 3“ (6.13 MeV) state. Re¬ 
sults for mixing ratios and absolute strengths will be 
presented for these resonances. 

1 K.A. Snover, P.G. Ikossi, and T.A. Trainor, Phys. Rev. 
Lett. 43_, 117 (1979). 

2 See S.H. Chew et al., Nucl. Phys. A286 , 451 (1977). 

HG 5 Precision Test of the Isobaric Multiplet Mass 
Equation from ft-delayed Proton Decay of Si ,* A.G. 
LEDEBUHR. L.H. HARWOOD. R.G.H. ROBERTSON* and T.J. 
BOWLES, ++ Mich. State Univ .—A 70 MeV 3 He beam was used 
to produce the proton-rich nucleus 24 Si via the 24 Mg 
( 3 He,3n) reaction. A cryogenic (liquid-nitrogen cooled) 
helium jet coupled to a recoil time-of-flight mass 
analyzer has been used to observe the decay of this 
nucleus. The half-life of 24 Si was found to be 115±60 
ms, and the energy of the protons de-exciting the T=2 
state in the daughter, 24 Al, has been measured to be 
3911.213.7 keV. These findings are in agreement with 
previous results. 1 The recently completed A=24 isobaric 
quintet constitutes a test of the Isobaric Multiplet 
Mass Equation as precise as the mass 9 quartet and shows 
no significant departure from the quadratic form of 
this equation. The value obtained for a possible d 
coefficient is -1.011.6 keV which is consistent with 
zero. 

*National Science Foundation Grant No. Phy 78-22696. 
♦Alfred P. Sloan Foundation Fellow. 

♦♦Present Address: Los Alamos Scientific Laboratory, 

Los Alamos, NM. 

X J. Aysto et al., Phys. Lett. 82B , 43 (1979). 

HG 6 Abstract withdrawn. 

HG 7 Nuclear Resonance Fluorescence in 27 A& . 

R. Vodhanel, R. Moreh*, W. Sellyey, University of 
Illinois at Urbana-Champaign 1 . The ground state widths 
and branching ratios for levels in 27 A£ at 8.679, 

8.443, 8.043, 7.679, 7.578, 7.477, 7.413, 6.820, 6.652, 
6.477, and 6.464 MeV were determined by carrying out 
photon scattering and self absorption measurements. 

The incident bremsstrahlung photons were produced using 
10.3 MeV electron beams from the MUSL-2 accelerator. 

In a few cases, there are significant differences be¬ 
tween the present results and those reported in the 
literature. 1 ) In particular, for the 6.477 MeV level 
which is believed^) to be a member of the k 71 " = 1/2“ ro¬ 
tational band, we measured a value of T = 0.3 ±0.1 eV, 
which is a factor of ten larger than that given in Ref. 
1 ). 

* 

On leave from the Negev Res. Ctr. and Ben Gurion 
University of the Negev, Beer Sheva, Israel. 

^Supported by the National Science Foundation. 

1) P. M. Endt and C. Van Der Leun, Nucl. Phys. A.310 
(1978) 194. 

2) H. Ropke, V. Glattes, and G. Hammel, Nucl. Phys. 

A172 (1971) 506. 


HG 8 Measurement of the g-factor of the 10* Isomeric 
State in 54m Fe.* m.H. RAFAILOVICH, M. BRENNAN, E. DAFNI 
AND G.D. SPROUSE, SUNY-Stony Brook—We have recoil 
implanted 54 mFe into 99.999 pure natural Fe via the 
reaction 45 Sc( i2 C,2np ) 54lI1 Fe and using the method of 
perturbed angular distributions have observed the Larmor 
precession of the 1=10*,^ ^= 515 ( 5 ) nsec state. At 
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T=294K and with a magnetization field of 1.5(1) kG both 
a computer fit and a fourier transform of the data give 
ojl = 1147.3(11 ) MHz. Using the value of the internal 
magnetic field in Fe of H Hf (294K)=-330.5(3) obtained by 
Violet et al.^ we get g=0. 7281(13 ). This value is more 
precise though consistent with the corrected value of 
our previous measurement^. Determination of this g- 
factor to high precision is essential since 54m Fe is an 
important probe for the measurement of small frequency 
shifts due to hyperfine fields in solids. 

*Supported in part by the National Science Foundation. 

1. J.W. Nod, et al. in, Proc. Topical Conf. on Physics 
of Medium Light Nuclei, Florence (1977). 

2. C.E. Violet and D.N. Pipkorn, J. Applied Phys. 42 

(1971) 4339. ~ 

3. E. Dafni, J.W. Nod, M.H. Rafailovich and G.D. Sprouse, 
Phys. Letters 77B (1978) 461. 

HG 9 Study of High-Spin States in 58 > 58 Co with the 
58 > 60 Ni(d,oQ Reaction . H. NANN, A.D. BACHER, W.W. 

JACOBS, W.P. JONES, and E.J. STEPHENSON, Indiana U. *— 

The 58 » 60 Ni(d,a) 56s58 Co reaction has been studied at 
80 MeV bombarding energy. Angular distributions to 
strongly excited states in the final nuclei up to an 
excitation energy of 5.5 MeV have been measured. The 
pickup of^ a completely aligned proton-neutron pair 
from the If7/2 orbital, characterized by an L=6 angu¬ 
lar distribution, leads to high-spin states of the 
{(target) j_q e (lf7/2)j_y} configuration. Besides the 
transition to the known 7+ state at 2.28 MeV in 58 Co, 
states at 3.53 MeV in 58 Co and 2.70 MeV in 58 Co are 
strongly excited with a characteristic L=6 angular dis¬ 
tribution suggesting the same spin value for these 
states. Possible configurations of the strongly ex¬ 
cited states in 58 » 58 Co are discussed. 

^Supported by the National Science Foundation. 


HG 10 High-Spin States in 76 Br . J. C. WELLS, JR.,* R. 
W. EASTES,t M. E. BARCLAY,§ Tennessee Technological Uni¬ 
versity , R. L. ROBINSON, H. J. KIM, R. 0. SAYER, Oak 
Ridge National Laboratory ,H R. B. PIERCEY, J.H. HAMILTON, 
A. V. RAMAYYA, C. F. MAGUIRE, Vanderbilt University ,t A. 
J. CAFFREY, Johns H op kins University -We have investi¬ 

gated the y rays of 76 Br, resulting from the 66 Zn( 12 C,p«) 
reaction, by bombarding an enriched 66 Zn target with 38- 
MeV 12 C ions from the ORNL EN tandem accelerator. We 
measured y-ray singles and y-y coincidence spectra, y-ray 
angular distributions, and y-ray linear polarizations. We 
have constructed a level scheme, and have deduced spins 
and parities, y-ray branching ratios, and radiative ad¬ 
mixtures for some of the levels. The level scheme in¬ 
cludes all of the levels reported by Behar et al ,* plus 
two additional levels at 1409 and 1890 keV. Except for 
the ground state, the levels we observe are entirely 
different from those obtained from beta decay. 

♦Supported in part by Oak Ridge National Laboratory. 
tPresent address: Johns Hopkins University. 

§Present address: Vanderbilt University. 

HOperated by Union Carbide Corporation for the US DOE. 
i Re search Supported in part by the US DOE. 

*M. Behar et al, Nucl. Phys. A282 , 331 (1977). 

HG 11 Two-Nucleon Transfer in the Ni-Zn Region .* N. 
ANANTARAMAN, H.W. FULBRIGHT, and H.S. HANS, NSRL, Univ . 
of Rochester , and B.H. WILDENTHAL, Michigan State Univ . 

— The reaction 68 Zn(p,t) 66 Zn has been studied at 
Rochester at a bombarding energy of 23 MeV. Angular 
distributions have been obtained in the range 5° to 60° 
for the four lowest states in 66 Zn. These and other, 
published, two-nucleon transfer data [(p,t), (t,p) and 
( 3 He,n)] for the Ni and Zn isotopes will be compared 
with the predictions of the shell-model calculations of 
van Hienen et al. 1 


HG 12 A Neutron Multiplicity Technique for Studying 
Weak Reaction Channels in In-Beam y-Ray Spectroscopy . 

R.B. PIERCEY, A.V. RAMAYYA and J.H. HAMILTON, Vanderbilt* 

U., L. CLEEMAN, J. ROTH and J. EBERTH, U. of KSln .- The 
reaction 19 F on 58 Ni was studied by detecting the evapo¬ 
rated neutrons in coincidence with y-rays from the resi¬ 
dual nuclei. The neutrons were detected in a 4-sector 
scintillator. The major cross-section is for the eva¬ 
poration of three protons, however, the weaker 2pn 
channel to 74 Br and p2n to 74 Kr are easily studied by 
requiring n-y or n-n-y coincidences. One previously 
unassigned y-ray group is unambiguously placed in 74 Brl) 
and another in 74 Kr. The ratio of 74 Kr to 74 Se observed 
in the spectra was enhanced by a factor of 40 to 50 in 
the n-n-y spectrum compared to the singles. The tech* 
nique, including extensions to 3 and 4 fold n coinci¬ 
dences, should enable one to identify and study nuclei 
still farther from stability. With population of high 
spin states in in-beam, such studies can complement or 
extend 8 decay studies with on line separators. 

♦Supported in part by a grant from DOE. 

1) R. B. Piercey et al.. Bull. Am. Phys. Soc. 22_, 488 
(1977). 


Supplementary Program 

HG 13 Studies of Levels in 25 A1 and 29 P Fed in the 3+ 
Decays of Zb Si and 29s . P.G. IK0SSI, C.D. HOYLE, E.G. 
ADELBERGER, and K.A. SN0VER, University of Washington— 
We have used polarized proton scattering from z4 Mg and 
28 Si to study levels in 25 A1 and 29 P. Excitation func¬ 
tions with small energy steps were obtained at 2.43 
MeV <: Ep «: 7.29 MeV and 2.65 MeV <£ E p £ 7.75 MeV for 
24 Mg and 28 Si targets respectively. Scattered, protons 
were detected at typically 6 angles between 55° and 
155°. Efforts were focussed on understanding the de¬ 
layed proton spectra observed in the $ + decays of 
25 Si* and 28 S.** We can account for most of the de¬ 
layed proton groups in terms of (p,p Q ) and (p,pi) 
resonances having values of J 71, corresponding to allowed 
Gamow-Teller 8 + decays. In several cases we find that 
proton groups ascribed in refs. 1 and 2 to p 0 decays of 
lower lying levels in the 8 + daughters in fact corres¬ 
pond to pi decays of higher lying levels. This has the 
effect of clustering the 3 + decay strength in the 
general neighborhood of the analog state, and provides 
evidence for the giant Gamow-Teller resonance. 

* R.G. Sextro, Ph.D. thesis, University of California, 
Berkeley, 1973. 

** D.J. Vieira £t al., Phys. Rev. C19, 177 (1979). 

HG 14 

Investigation of the Decay Modes of the 5.37 
MeV State in ^Li. B.S. LtN and P.M.S. LESSER, 

Brooklyn College of CUNY . — The decay modes of 
the 5.37 MeV state in b Li have been studied via 
the reaction 7 Li( 3 He, oC)6Li at an incident 3 He 
energy of 2.15 MeV using the Brooklyn College 
Dynamitron Accelerator. Coincident events be¬ 
tween the first emitted <* particle and the decay 
alpha’s or proton's were detected using a counter 
telescope in the reaction plane. Measurements 
were made at several appropriately chosen angle 
pairs, permitting a partial determination of the 
particle-particle angular correlations. Branch¬ 
ing ratios for the allowed decay modes ^He + p 
and o< + p + n, as well as theisospin forbidden 
decay into <* + d, are deduced from the data and 
compared with the results of Artemov et all. 

♦Work supported in part by the PSC-BHE Faculty 
Research Award Program of CUNY. 

1. K.P. Artemov, V.Z. Gol’dberg, I.P. Petrov, 

V.P. Rudakov, I.N. Serikov and V.A. Timofeev, 

Sov. J. Nucl. Phys., Vol. 17 , No. 2 (1973). 


Work supported by the National Science Foundation. 

1 J.F.A. van Hienen et al., Nucl. Phys. A269 , 159 (1976). 


HG 15 Determination of the Branching Ratio for 42 Sc 
(g.s.) Positron Decay .* C.J. LISTER, D.E. ALBURGER, A.M. 
SAND0RFI, and E.K. WARBURTON, BNL —The measurement of 
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non-analog B + decays, like 42 Sc g>s . -»■ 42 Ca (1837 keV)0 , 
provides an important check on theoretical estimates of 
the mixing of 0+ states in the g.s. wavefunctions of 
these nuclei. 1 Recent y-ray studies 2 * * 1 of the 0+/0+ >s> 
ratio from the decay of 42 Sc g>s# have been hampered by 
a high background from 8+ annihilation in flight and 
target contamination. We have reduced these backgrounds 
by using Ge(Li) and NaI(T£) detectors operated in triple 
coincidence. The 8 branch to the 1837-keV state in 42 Ca 
was measured by observing the 313-1524 keV cascade 
through the first excited state in coincidence with the 
two 511 keV positron annihilation quanta. The 42 Sc ra¬ 
dioactivity was produced in the 42 Ca (p,n) reaction at 
E p =8*0 MeV and the activated samples were transferred to 
the y-counting station using a pneumatic rabbit system. 
We determined the branching ratio to be (5.9±2.0) x 10" 5 
in excellent agreement with refs. 1 and 3. 

*Work supported by DOE Contract No. DE-AC02-76CH00016 

1. I.S. Towner, Phys. Lett. 43B , 267 (1973). 

2. R.M. DelVeccio, et al., Phys. Rev. C1J, 1809 (1978). 

3. P.D. Ingalls, et al., Nucl. Phys. A293 , 117 (1977). 


I SESSION HH: STRONG INTERACTIONS II 
Wednesday afternoon, 30 April 1980 
Arlington Room, Sheraton Washington Hotel at 2:00 P.M. 

P. Franzini, presiding 

HH 1 Hypercharge Exchange Reactions and Y (1670) 
Production.* C. V. CAUTIS, J. BALLAM, J. BRAU, J. B0UCHE 
J. T. CARROLL, G. B. CHADWICK, V. CHALOUPKA, R. C. £lELD 

D. R. FREYTAG, R. A. LEWIS, M.-N. MINARD, K. C. MOFFEIT . 

R. A. STEVENS, SLAC , P. A. BAKER, J. S. CHINA, P. J. DOR] 

G. HALL, T. S. VIRDEE and A. P. WHITE, IMPERIAL COLLEGE , 

LONDON . — Results are presented on Y*(1670) hyperon 
production in line-reversed reactions at 7 GeV/c and 11.- 
GeV/c in the SLAC Hybrid Facility. We have measured 
cross sections, branching ratios and decay augular dis¬ 
tributions and compared them to I"*" and Y*(1385) produc¬ 
tion in the same experiment. 

*Work supported by U.S. Department of Energy and U. K. 
Science Research Council. 


HH 2 Search for the iy: A study of the reaction tt p -> yyn 
at 13 GeV/c.* I-H. CHIANG, R.A. JOHNSON, B. KWAN, T.F. 
KYCIA, K.K. LI, L.S. LITTENBERG, and A. WIJANGC0, Brook- 
haven National Laboratory ; M. HALLING, G. HOGAN, K. 
McDonald, and A.J.S. SMITH, Princeton University ; 

L. GARREN and J. THALER, University of Illinois .—We have 
used the reaction 7r“p -* n + y’s to search for new high- 
mass resonances. The experiment, which was peformed at 
Brookhaven’s AGS, used a high intensity 13 GeV/c tt“ beam 
incident upon a scintillator target. The photons were 
detected in two large (lm x 2m) scintillator lead-glass 
arrays. Details of the apparatus will be presented 
along with cross sections and/or upper limits for the 
exclusive production of neutral mesons with masses above 
2 GeV/c 2 which decay into yy, TT°y or tt 0 ^ 0 . 

*Work supported by the U.S. Department of Energy. 

HH 3 A Moments Analysis of K-p-HOT+n at 11 GeV/c. * 

** *** g. Durkin, D. Aston, W. Dunwoodie, T. Fieguth, A. 
Honma, D. Hutchinson, W.B. Johnson, P. Kunz, T. Lasinski, 
D.W.G.S. Leith, L. Levinson, W.T. Meyer, B.N. Ratcliff, 

R. Richter, S. Shapiro, R. Stroynowski, S. Suzuki, S. 
Williams, Stanford Linear Accelerator Center , R.K. Car- 
negi'e, P. Estabrooks, R. Hemingway, R. McKee, A. McPherson, 
G. Oakham, J. Vavra, Carleton University and National 
Research Council , Ottawa, Canada. —Moments of the K tt + 
angular distributions for reaction K“p->-K"7r + n have been 
determined using the data from an 11 GeV/c K p experi¬ 
ment using the LASS spectrometer at SLAC. We will 
present mass and t dependence of these Ktt moments as 
well as an analysis of these moments in terms of reso¬ 
nant structures. The data will allow discussion of Ktt 
elastic scattering partial waves from .65 GeV to 2.2 GeV 


and comparisons will be made with results from other 
experiments. 

*Submitted by D.W.G.S. Leith 

**Supported in part by the U.S. Department of Energy 
***Supported in part by the National Research Council 
of Canada. 


HH 4 A Study of K~p->K~Tr + n at 11 GeV/c. * ** A. Honma, 
D. Aston, W, Dunwoodie, S. Durkin, T. Fieguth, D. Hutchin¬ 
son, W.B. Johnson, P. Kunz, T. Lasinski, D.W.G.S. Leith, 
L. Levinson, W.T. Meyer, B.N. Ratcliff, R. Richter, S. 
Shapiro, R. Stroynowski, S. Suzuki, S. Williams, Stan¬ 
ford Linear Accelerator Center , R. Carnegie, P. Esta¬ 

brooks, R. Hemingway, R. McKee, A. McPherson, G.Oakham, 

J. Vavra, Carleton University and National Research 
Council, Ottawa, Canada . —We present results of a high 
statistics study of the reaction K"p-*-K~7r + n at 11 GeV/c. 
The data sample was selected offline from an ^800 ev/yb 
K~p experiment run on the LASS spectrometer at SLAC 
which triggered essentially the total inelastic cross 
section. This Krm sample contains M50,000 events in 
the invariant Ktt mass region . 65 GeV to 2.20 GeV and |t’| 

< 0.5 GeV 2 with nearly uniform acceptance. Clear evi¬ 
dence for the well established K*(890), K*(1430), and 
K*(1780) resonances is seen with additional interesting 
structure observed in the angular distributions. The 
general features of the data will be discussed and will 
be compared with the results from other experiments. 

*Supported in part by the U.S. Department of Energy 
**Supported in part by the National Research Council 
of Canada. 


HH 5 The Lifetimes of the Charmed D Mesons * 

M.GUTZWILLER, and the Fermilab E531 collab¬ 
oration, Aichi U. of Education, Fermilab, 

Kobe U., Korea U., McGill U., Nagoya U., 

Ohio State U., Okayama U., Osaka City U., 

U. of Ottawa, Science Education Inst, of 
Osaka Prefecture, U. of Tokyo, U. of Toronto, 
Yokahama National U.**—Decays of the charmed 
D mesons have been seen in a hybrid emulsion 
spectrometer at Fermilab by E531. Preliminary 
results on the lifetimes of the DO and the D+ 
are given with upper and lower limits. The 
ratio of the D+ lifetime to that of the DO is 
seen to be large and is discussed. Also 
discussed are the resonant charmed states and 
the production mechanisms. 

* Submitted by S.Errede. 

**Supported by: Japanese Ministry of 

Education, National Science and Engineering 
Research Council of Canada, the U.S. 

Department of Energy, and the National 
Science Foundation. 


HH 6 The Lifetime of Charmed Baryons. 
S.ERREDE, and the Fermilab E531 collaboration, 
Aichi U. of Education, Fermilab, Kobe U., 

Korea U., McGill U., Nagoya U., Ohio State U., 
Okayama U., Osaka City U., U. of Ottawa, 
Science Education Inst, of Osaka ‘Prefecture, 

U. of Tokyo, U. of Toronto, Yokahama National 
U.*—The decays of charmed baryons have 
been observed in a hybrid emulsion spec¬ 
trometer at Fermilab by experiment E531. 
Preliminary results with upper and lower 
limits are presented for the lambda-c 
lifetime. Other charmed baryon states and 
production mechanisms are also discussed. 

* Supported by: Japanese Ministry of 

Education, National Science and Engineering 
Research Council of Canada, the U.S. 
Department of Energy, and the National 
Science Foundation. 
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HH 7 The Lifetime of the Charmed F Meson. * 

D. PITMAN, and the Fermilab E531 collaboration, 
Aichi U. of Education, Fermilab, Kobe U., 

Korea U., McGill U., Nagoya U., Ohio State U., 
Okayama U., Osaka City U., U. of Ottawa, 

Science Education Inst, of Osaka Prefecture, 

U. of Tokyo, U. of Toronto, Yokahama National 
U.**—Decays of the charmed F meson have been 
seen in a hybrid emulsion spectrometer at 
Fermilab by E531. Preliminary results on the 
lifetime of the charmed F meson with upper 
and lower bounds are given. Also presented 
are the mass of the charmed F meson, the 
resonant states and the production mechanisms. 

* Submitted by S.Errede. 

**Supported by: Japanese Ministry of 

Education, National Science and Engineering 
Reseach Council of Canada, the U.S. 

Department of Energy, and the National 
Science Foundation. 

HH 8 Search for Cascade Resonances . 

M, JENKINS, J. ALBRIGHT, R. DIAMOND, H. FENKER, 

J.H. GOLDMAN, S. HAGOPIAN, V. HAGOPIAN, Florida 
State Univ .; W. MORRIS, Brandeis ; S. CHUNG, 

R. FERNOW, H. KIRK, A. LESNIK, S. PROTOPOPESCU, 

BNL; B. MEADOWS, Cincinnati , Z. BAR-YAM, J. DOWD, 

W. KERN, Southeastern Mass. U. ; and M. WINIK, 

Technion and Southeastern Mass. U. — The BNL 
Multiparticle Spectrometer was utilized to search 
f^r cascade resonances in the reaction K“p -* 

K (slow)+X“ where X“ has strangeness -2. The 
separated K” beam was tuned to 5 GeV/c and the 
slow K +, s were detected by two brass-scintilla- 
tor sandwich detectors which triggered on stop¬ 
ping particles with a delayed decay signal. Over 
10,000 events with K + momentum between 150 and 
600 MeV were obtained. Efficiencies of the K + 
detector and preliminary results of the cascade 
resonance search will be presented. 

HH 9 Inclusive Ratios in 147 GeV/c tt ± p. K + p and 

pp Interactions (* f), M. SCHOUTEN, H. DE BOCK, F. CRUNS, 
Univ. of Ni jmegen; M. WIDGOFF, Brown U.; B. WHYMAN, 

W. NEALE, Cambridge Univ. ; R. BURNSTEIN, I.I.T. ; 

E. ALYEA, U_. of Ill.; J. COOPER, Indiana Univ.; L. BACH¬ 
MAN, J.H.U. ; P. LUTZ, V. KISTIAKOWSKY, R. YAMAMOTO, MiT; 

F. GRARD, J. HANTON, Univ. of Mons; H. COHN, O.R.N.L.; 

A. CALLIGARICH, R. RATTI, INFN Pavia ; R. PLANO, T. WATTS, 
Rutgers U. ; E. ROLLER, Stevens Inst. ; S. GOLDBERG, 
Technion ; G. ALEXANDER, Tel-Aviv U.; B. BUGG, U. of Tenn.; 
E. RONAT, Weizmann Inst. ; T. LUDLAM, Yale U. ; -- The frag¬ 
mentation region demands that the ratios are inde¬ 

pendent of the beam quantum-numbers. A comparison of 
these ratios for various beams at 147 GeV/c indicates that 
although the violations previously observed at lower /s- 
values are decreasing in importance there remains a 
statistically significant difference betweem the tt + and 
tt“ beams. 

^*^Work supported in part by U.S. Doe, U.S. NSF, the Dutch 
FOM, U.S.-Israel BSF, and the Italian INFN. 

^Submitted by R.T. VAN DE WALLE 

HH 10 

Proton-Proton Bremsstrahlung Calculation 
C. K. Liu and M. K. Liou, Brooklyn College of the City 
University of New York .* — We have applied the soft- 
photon approximation and the Feshbach-Yennie approxima¬ 
tion to calculate the p-p bremsstrahlung cross sections 
at 730 MeV for 16 photon angles. The results are com¬ 
pared with the UCLA data.^ In general, both approxima¬ 
tions predict cross sections which are in good agree¬ 
ment with the data up to photon energy k«100 MeV, but 
they give cross sections which are too small at the 
highest photon energies for some photon angles. The 
result of these calculations will be presented. 

^Supported by the PSC-BHE Research Award Program, CUNY. 

1. B. M. K. Nefkens, 0. R. Sander, D. I. Sober and 
H. W. Fearing, Phys. Rev. C19 , 877 (1979). 


iiri 11 + 

Inclusive Vector-Meson Production in u p, K p and 

pp Interactions at 147 GeV/c (* t), W. KITTEL, M. SCHOU¬ 
TEN, H. DE BOCK, Univ. of Nijmegen ; B. BRICK, Brown 
Univ. ; B. WHYMAN, R. ANSORGE, Cambridge Univ. ; H. RUBIl^ 

I•I•T. ; E.D. ALYEA, U. of Ill.; R. SARD, Indiana Univ.; 
C. CHIEN, J.H.U .; A. LEVY, E. HAFEN, P. TREPAGNIER, 
M.I.T. ; P. HERQUET, J. LESCEUX, Univ. of Mons ;,H. COHN, 
O.R.N.L. ; G. CECCHET, R. DOLFINI, INFN, Pavia; R. PLANO, 
M. KALELKAR, P. STAMER, Rutgers U.; S. TAYLOR, Stevens 
Inst. ; S. DADO, Technion ; Y. OREN, Tel-Aviv U. ; E. HART, 
U. of Tenn. ; Y. EISENBERG, Weizman Inst .; H. TAFT, Yale 
U.; — In an experiment with the hybrid spectrometer at 
FNAL we obtained inclusive production cross sections 
for p°, Kg 9 Q, u> and f-meson as a function of the Feyn¬ 
man-variable x. These distributions agree with those 
expected from the meson (c.q. proton) valence quark 
structure functions for the reactions M and 

pp M but disagree with these expectations for the 
reaction K + p -> M. 

^Work supported in part by U.S. DOE, U.S. NSF, the 
Dutch FOM, U.S.-Israel BSF, and the Italian INFN. 

(+) Submitted by R.T. VAN DE WALLE 

HH 12 . + + 

Exclusive Final States in tt p, K p and pp Inter- 
actions at 147 GeV/c (*t),. H.DE BOCK. M. SCHOUTEN. R. 

VAN DE WALLE, Univ. o f Nijmegen; A. SHAPIRO, Brown U.; 

B. WHYMAN, D. WARD, Cambridge Univ.; H. RUBIN, I.I.T.; 

E. ALYEA, U. of Ill. ; J. TORTORA, Indiana Univ. ; 

A. PEVSNER, J.H.U. ; D. HOCHMAN, I. PLESS, B. HULSIZER, 
M.I.T .; R. WINDMOLDERS, V. HENRY, Univ. of Mons; 

H. COHN, O.R.N.L. ; G. BRESSI, C. CASTOLDI, INFN Pavia; 

P. MILLER, P. JACQUES, T. WATTS, Rutgers U. ; E. BRUCKER, 
Stevens Inst.; D. TAOFF, Technion; 0. BENARY, Tel-Aviv U; 

G. CONDO, U. of Tenn .; U. KARSHON, Weizmann Inst. ; 

D. LJUNG, Yale U. ; — Four- and six-prong final states 
are identified using modified fit-procedures. Cross 
sections for the different channels as well as for p°, 

A and diffractive production have been obtained. 

^Work supported in part by U.S. DOE, NSF, the Dutch 
FOM, U.S.-Israel BSF, and the Italian INFN. 

^Submit ted by R.T. VAN DE WALLE 
HH 13 

Analysis of the pion-proton bremsstrahlung data 

using the Feshbach-Yennie approximation 

C. K. Liu and M. K. Liou, Brooklyn College of the City 
University of New York .* — We have used the Feshbach- 
Yennie approximation (FYA) to analyze the pion-proton 
bremsstrahlung data obtained by the UCLA group. Our 
preliminary analysis indicates that only about half of 
the spectra obtained by the UCLA group can be described 
by the FYA, and those spectra which can be described -by 
the FYA seem to show structure, in the form of peaksJ 
in the region of the ^-resonance. The implication and 
significance of our results will be presented. 

^Supported by the PSC-BHE Research Award Program, CUNY. 

I. B. M. K. Nefkens et al., Phys. Rev. D18, 3911 
(1978). 


I SESSION HI: GENERAL ASTROPHYSICS 
Wednesday afternoon, 30 April 1980 
Tudor Room, Shoreham-Americana Hotel at 2:00 P.M. 

A.K. Harding, presiding 

HI 1 Is the Standard Model of Big Bang Cosmology in 
Trouble ? F. W. STECKER, NASA/GSFC —The problem of the 
productipn of helium in big-bang nucleosynthesis is re¬ 
examined in the light of several recent astrophysical 
observations. These data, and theoretical particle 
physics considerations, lead to some important incon¬ 
sistencies in the standard big-bang model and suggest 
that a more complicated picture is needed. Thus, 
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recent constraints on the number of neutrino flavors 
(and superweak particles, etc.) as well as constraints 
on the mean density (openness) of the universe, need 
not be valid. 


HI 2 Evolution of Cosmological Baryon Asymmetries .* 
MICHAEL S. TURNER, J.N. FRY, AND KEITH A. OLIVE, U. of 
Chicago .—The time evolution of the baryon asymmetry In . 
big bang model in which particle interactions m the ver; 
early universe are described by SU(5) is obtained by u- 
merically integrating the Boltzmann equations. if the 
interactions conserve CP, no asymmetries develop, and a 
initial asymmetries are reduced by exp(-3 x 1C 1, u 
GeV/M^; M x is the mass of the superheavy boson and r is 
its coupling strength. If CP is violated, then an 
tially symmetrical universe can evolve a baryon asymmetr; 
which today corresponds to kng/s = 7.8 x 10 3 e(M x /M c ) 

[1 + (M x /M c ) 1 * 5 ], where Me = 6 x TO 18 a GeV and e is the 
size of the CP violation in the X-X system. We find tha 
as Weinberg and Wilczek suggested, decays and inverse 
decays of the superheavy boson are primarily responsible 
for these results. Our results suggest that either su¬ 
perheavy Higgs or gauge bosons could have generated the 
observed asymmetry kn^/s =10 9 ’ 6 ± 1#6 . 

♦Supported in part by Fermi, McCormick and Hertz Fellow¬ 
ships and NSF AST 78-20402. 

HI 3 Relativistic Fluid Flows in Channels . P. J. 
WIITA, U. of Pa ., and I. LERCHE, U. of Chicago — 

The equations of motion of a perfect relativistic 
fluid in a confining channel of circular cross- 
section are derived and analyzed. Such a situation 
may be relevant for the beams protruding from radio 
galaxies or from objects like SS433. Two sets of 
families of such solutions have been found so far: 
one family has soliton-like properties and the other 
shows self-similar behavior. The topologies of 
these solutions are described and perturbative 
investigations of their stability are performed. 

All are found to be formally unstable, but the 
growth times may be sufficiently long that these 
models can still have astrophysical import. 

HI 4 Search for Advanced Fields in Electromagnetic 
Radiation /* J. SCHMIDT and R. NEWMAN, Univ. of Calif., 
Irvine.—We have conducted an experiment to search for an 
advanced component of electromagnetic radiation, as 
suggested by the time symmetry of Maxwell’s equations. 

A dipole transmitting antenna was driven periodically 
with 10.2 GHz microwave pulses of 12 ns duration and 4 
watt instantaneous power. A receiving dipole antenna at a 
distance r=10m away was instrumented to search for power 
above noise received in a time gate at a time r/c prior 
to transmission of each pulse. Data were integrated over 
10 7 pulses. The experiment was performed at Lick Obser¬ 
vatory, atop Mt. Hamilton, CA, to enable placement of the 
antennas so that a line connecting them, when extended to 
infinity in both directions, encounters no local complete 
absorber. Defining R to be the ratio of signal power in 
the "advanced" time gate to power received in a corres¬ 
ponding "retarded" gate a time r/c after pulse transmis¬ 
sion, we obtain a limit: R < 10“^*^ (90% conf.) . Runs 
were also made using dielectric microwave lenses placed 
to focus an advanced radiajtion component, yielding a more 
theory-dependent result: R < 10” * . These results have 

cosmological implications within the Wheeler-Feynman 
absorber theory of radiation. 

♦Work supported by the U.S. Department of Energy. 

HI 5 Point Black Holes. F.R. Tangherlini, College of 
the Holy Cross , Worcester . --Recent work by the author 
on the motion of test particles falling radia.lly inward 
on geodesics "near" but outside a Schwarzschild black 
hole shows that the locally-measureable energy and mo¬ 
mentum and hence inertial mass diverge as the Schwarzs¬ 
child radius is approached. By the principle of equiv¬ 
alence the gravitational mass also diverges. Thus the 
attraction for the central body by the infailing par¬ 
ticle becomes increasingly non-negligible in comparison 
with the central body's attraction and the one-body 


metric which neglects recoil becomes an increasingly 
poorer approximation. One can verify the reality of 
this singularity by using a suitable limit of Schwarzs- 
child's interior solution, "the point black hole." 

Imagine the Pound-Rebka experiment with receiver at 
the center of the earth. Now in a Machian spirit imag¬ 
ine the earth to become more massive until the clock 
rate at the center vanishes and the light arriving 
there is infinitely blue-shifted. Thus the finding of 
solutions to Einstein's field equations and the corres¬ 
ponding geodesics for test particles has to be supple¬ 
mented by consistency requirements, which should have 
bearing on the theory of black holes and cosmological 
singularities. 

HI 6 Geometric Quantization Gravitational Collapse* 
J.A. Isenberg, U. of Waterloo ; M.J. Gotay, U. ojE Calgary . 

— It has been conjectured that quantum effects may pre¬ 
vent gravitationally-induced spacetime collapse. The work 
of Parker & Fulling* shows — at least in the semi-class¬ 
ical approximation — that this may indeed be the case. 

We have investigated this possibility for the classically 
collapsing ( k=+l ) Robertson-Walker universes containing a 
Klein-Gordon scalar field f. We have quantized several of 
these model cosmologies 2 using the geometric Kostant- 
Souriau quantization technique 3 which is based on the 
underlying symplectic geometry of classical physics. 
Choosing ’matter-time’ we calculate in the case of a 

massless scalar field the expectation value <?? 2 (4>)> of 
the square of the radius of the quantum model. As <|> ■* 00 , 
we find that <i? 2 (<f>) > -*• 0, so that quantum effects do not 
cause the model to ’bounce’. This seems to be the first 
rigorous quantum mechanical demonstration that - at least 
in some highly symmetric cases - the fully quantized 
models do collapse. 

♦Submitted by R.J. Torrence 

^Parker & Fulling, Phys. Rev. D7., 2357(1973). 

2 Gotay & Isenberg, Lee. Notes in Phys. #94, 293(1979). 
3 Sniatycki, Geometric Quantization Quantum Mechanics , 

Springer (1980). 

HI 7 Inertial Systems Related to Mass Distri¬ 

butions without the Use of Gravitational Forces. 
D. SAVICKAS, Western New England College , Spring- 
field, Massachusetts — Inertial systems are 
defined relative to the distribution of matter 
in the universe in a manner such that if the 
universe were considered to rotate, then the 
inertial systems would rotate along with it at 
the same angular velocity. The method used here 
expresses centrifugal and Coriolis forces with 
angular velocities that do not contain the 
expression u), the angular velocity defined rel¬ 
ative to an absolute inertial system. Instead, 
these forces are represented by an averaged 
sum of the relative angular velocities between 
all masses in a finite universe. The centrif¬ 
ugal and Coriolis forces are expressed by this 
method as kinematic forces with a nature that 
is independent of gravitational forces, and are 
found to be related to another kinematic force 
that induces radial recessional motion of the 
same form as seen in Hubble recessions. 

HI 8 The Surface Temperature of a Photon. 

CHESTER J. MARCINKOWSKI, Buffalo, New York 14207 
—We exploit the macroscopic nature of thermody¬ 
namics to deduce a "surface temperature" of an 
average-aged photon of starlight with an esti¬ 
mated wavelength A ^ ly. Then we assume that 
this photon surface radiates roughly like a 
black body to deduce the approximate wavelength 
of the aging radiation. A photon of energy W 
and volume V has an average, internal black-body 
energy density u, = W/V. This energy density is 
assumed to be related to the temperature T of 
the photon "cavity walls" by the conventional 
black-body relation i l = aT7 A cylindrical photon 
surface is derived to have a cross-sectional 
radius r ^ 61A and a n length L(cm) ^ NA where 
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N (cycles) ^6.20 x 10 J " L A (cm) . The resulting pho¬ 
ton surface temperature is T 'v 4.4 °K. This 
suggests that aging optical photons might simul¬ 
taneously produce some as-yet unknown fraction of 
the cosmological red shift and the cosmic micro- 
wave radiation with its temperature 'u 2.7 °K. 


HI 9 Gravitation and Antigravitation . 0. D. 
JEFIMENKO, W est Virginia U .—The localizabi1ity 
of gravitational energy is reexamined. It is 
concluded that there is no unequivocal justifi¬ 
cation for its exclusion as a source term in 
Einstein’s field equations. Semiclassical cal¬ 
culations are used to determine how the results 
of the general relativity theory should be cor¬ 
rected if gravitational energy is a source of 
gravitation. 1 For weak fields the corrections 
are small. For example, the relativistic Mer¬ 
cury orbit precession reduces from 43” to about 
39”. But for strong fields the energy becomes 
the dominant source and produces effects that 
drastically disagree with the conventional the¬ 
ory. For example, a gravitational system which 
has contracted to a critical density becomes 
antigravitational and ejects matter until it 
again becomes gravitational. If this effect is 
real, black holes and gravitational collaps are 
impossible, and the universe is an oscillating 
rather than a continually expanding system. 

1 u. D. Jefimenko, ’’Semiclassical Theory of Gra¬ 
vitation and Antigravitation", Paper 14-78, 
Electret Scientific Co., Star City, WV (1979). 

HI 10 An Elementary Derivation of Twin Time-Rate Equ ations; 
an Alternative to Black Holes and Cosmic Censorship? D.E. 
MATZKE, DBA Systems, 9301 Annapolis Road, Lanham, Md» 
20801 — Starting with the vis-viva equation of celestial mech¬ 
anics and using three ideas, loosely drawn from special and gen¬ 
eral relativity, we derive a pair of solutions^ for the relative 
time scale near a spherical mass. The first solution resembles 
the Schwarzschild solution of general relativity. In connection 
with this solution some of the more fantastic ideas associated 
with the possibilities of black holes are briefly reviewed. The 
second solutio^on the other hand, is without singularity, pre¬ 
cluding imaginary time rates. It, therefore, suggests itself as 
an alternative to cosmic censorship. The two solutions are 
shown to agree to first order in the argument GrybV,this being 
the regime of the common proofs of general relativity. An at¬ 
tempt is made to interpret the meaning of the solutions in the 
context of the derivation. ^ ^ 

*The solutions obtained are: and where x 

is the usual square of the ratio of escape speed to the speed 
of light; X = 

HI 11 

Ihe Speed Of The Gravitational Wave And Its Uses . 

L.G.van Loon, Z,R,van Loon-Vargas, Institute Cosmic 
Physics, Holland.- In 1970 the speed of the gravita¬ 
tional wave was measured using the centrifuget (l). 

It was found to be approximately equal to the speed 
of light. This may be very valuable in early warning 
of earthquakes. 

(l)L.G.van Loon,Bui.A.P. S. Ser.11,Vol.16,No.4,1971 

p.609, ( 

L.G.van Loon,Bui.A,P.S.Ser.11,Vol.15,No.4,1970 

p.620. 


only 3-4 hours. In case (b) we may often observe sudden 
commencements (SC’s) prior to the bay’s onset since its 
production would entail a sporadic explosion at the to¬ 
roid breach, below photosphere. Recovery is sufficiently 
rapid to suggest a precipitation- or cleaning-away-mech- 

- - —.- qanism for ions that engulf 

the Earth temporarily. A 
k-5% decrease of gradual 
onset (no SC) is shown fbr 
the bay in the figure. No 
sfe’s occurred,also. When 
a bay is not worldwide it 
is accidental or erratic. 
Elegant examples are 8-10 
May. I960 1M); 9-10 Ifey. 

%) at Deep River: 11-13 
June, 195? (3r k%)i 19-20 
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HI 13 Temperature of the Radional Field and of Cosmic 
Background. MAtol J7“"5HNEii)EKOV ? 1.673 Columbia Rd. , 
n 309, Washington, D. C. 20009. By using the equation of 
state, and formulas of the Radional Field Theory (RFT) 1 
the temperature of radional field is determined to be, 

T = 2jF? /_c /E/nk=3.0.013°K, where E=1.130xl0 31 erg/ 
cm3 i s energy density of radional field, n_ is =5.117x10 
57 radions/cm 3 of free space, and a = c=2.998xl0 10 cm/ 
sec is the r.m.s. speed of radions in perfect vacuum. 

Empty space or physical vacuum is assumed to be popu¬ 
lated with subparticles—r ad i o n s of mass, y =7.372 
xlO g, radius,^ =5.467x10” cm, and mean free path, 
t =3.679xl0 15 cm. Volume density of radional field is 
3.502x10 . The temperature 3.0i3°K agrees satisfac¬ 

torily with the temperature 2.96°K of cosmic background 
microwave radiation, discovered by Arno Penzias and 
Robert Wilson of Bell Telephone Lab., and confirmed 
experimentally by D.P. Woody and P.L. Richards of the 

Univ. of Calif. ? Berkely tQ be.(2.96*0.04 to-Q.06)°K . 

The results of this investigation*seem to indicate that 

the cosmic background of our universe is radional field. 
^Shneiderov, A.J. "A Corpuscular Unified Field Theory 
ana the Origin of Natural Forces",APS/DPF Conference 
Proceedings 1977, Argonne,p.497. 2 Physics Today Jun 79p.l7 

Supplementary Program 

HI 14 Energy of Cosmic Background—The Radional Field . 

ANATOL J. SSNEIDEROV, 1673 Columbia Rd., #309, Washington 
D.C. 20009. The contention of some progressive scien¬ 
tists that vacuum is a certain dynamic substance, the 
fundamental principle, the essence of all things and phe¬ 
nomena, containing an infinite amount of internal energy, 
is in agreement with the tenets on which the Radional 
Field Theory (RFT ) 1 is organized. This postulate and the 
three basic assumptions formulate the radional field as 
an "empty" space nopiliated with sub-particles-radions of 
kinetic energy ya ? =6. 626xl0~ 27 erg each, mass y=7.372xl0“ 4 % 
and radius 3 #5, 467xlCT 3S cm, randomly scattered in radion¬ 
al field, dashing in it with a r.m.s. speed a=c=2.998x10^ 
cm/sec and m.f.p. £=3.679x10^-5 cm.The radional^field so 
formed has its total energy density E=1.130xl0 33 erg/cm 3 , 
and volume density ’? v =3.502x10“54. -rft formulas give for 
the sun of gravitational mass M=1.986xl0 33 g a material 
mass Q=3.185xl0 33 g; for magnetic moment of the earths-, 
j=8.03xl0 2 ' > erg/gauss, pulsar Hercules X-l i=l. 53x10 
erg/gauss; for radional field temperature tT 2=3.013°K as 
against the accepted cosmic background temperature T= 
(2.96±)°k. Such a close correspondence of RFT values with 
the experimental and observed values suggests that "cosmic 
background" and ’’radional field" are synonymous terms. 

^Shneiderov, A.J. A Corpuscular Theory of Unified Field 
and the Origin of Natural Forces, APS/DPF Proceedings, 
Argonne, 1977, p.697* 


HI 12 Cosmic Ray Bays . K* L. MCDONALD, P* 0* Box 2433. 
Salt Lake City, Utah, —Geomagnetic storminess and CR de¬ 
creases. on occasions, are either attributed to (a) high 
speed streams of effectively limited extent, or (b) high 
particle density regions or limited extent that reside 
within the main stream* In each case we may expect to ob¬ 
serve what we have called cosmic ray bays, from analogy 
with magnetic bays, as indentations of the traces on ma^- 
netograms* They are worldwide CR decreases of from, say, 
-6 to^4 t days duration after which recovery is sensibly 
complete. CR incited decreases by shock wave passages are 
of insufficient duration to be classed as bays, lasting 


HI 15 Mount Tuscarora-Wblverine-MLliicent Granite Plu- 
ton: Erosion Ridge Lines . KEITH L. MCDONALD, P. 0. Box 
2433. Salt Lake City, Utah* —We have described the pin- 
ton’s natural fracture surfaces and their predominant oc¬ 
currence in the granite outcropping on Tuscarora’s SE 
face*! When the laminae, sensibly of uniform thickness w, 
contain large amounts or Fe ores their fracture or expo¬ 
sure to atmosphere yields the typical rust color—as evi¬ 
denced in the upper section on Tuscarcra; otherwise they 
remain black. Regardless of thickness and texture the lam¬ 
ina are more resistant to erosicn than the neighboring 
granite and are thus readily discerned, throughout plutcn. 
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Ik. McDonald, Bull. A. P. S., 2h, No. 3 (1980). 



HI 16 Mount Tuscarora-Wolverine-Milllcent Granite Plu - 
ton : Eroded Granite Blades . K. L. MCDONALD, P. 0. Box 
gH33. Salt ^ake City. Utah .—An eroded channel 5* high by 
6‘wide, leading from a small natural reservoir, is found 

* * ■ . . above and west of L. 

Martha. A larger chan¬ 
nel of order 50* has 
also been eroded by a 
stream flowing, east¬ 
ward into L. Mary® 
Probably singular to 
this pluton is limited 
area of granite blad¬ 
es and pinnacle^ (1st 
and 3rd arrows in 
photo) near bottom of 
the 5-10 m high, 300 
m long outcr opp ing on 
Tuscarora’s SET face, 
elevation somewhat a- 
bove 10,000 ft. These 
I objects are about 2 
I ft high and their 
^ bases form an inte- 

S al part of the un- 
rlying granite. The 
blades Tone shown by 
middle arrow and one v 
supports the 10’’jug) 
are 47 b” thinfe atTbase 
tapenng f 
top ancf>u-l ft wide. 


HJ 3 Measurement of the gin olecular De~excLtat jon 
Rate Coefficient of He ^ ( a~fc,. _ ) with N^ .* J.” wV Parker, 

L. W. Anderson, W. A. Fitzsimmons, and C. C. Lin, Uj, o£ 
Wisconsin, Madi son. —We report the bimolecular rate 
coefficient of the reaction He^Ca, } + N —> various' 
products; this reaction is measured in the afterglow 
of a pulsed He discharge operated at either 100 or 150 
Torr. A pulsed dye laser is used to excite molecules 
from the metastable a'Z level to the eiT level. Rapid 
collisional relaxation transfers some of §he eu _ + 
molecules to the dzT level, The time decay of ?he^a"2 
population is measured by monitoring the d~Z b iT 

dye laser induced fluorescence at various times in th§ 
afterglow. Typical partial pressure of the N reactant 
is 1 to 5 millitorr. Preliminary results fgr indi- ^ 
cate a quenching rate of (.1,07^ 0.4o) X'lQ cnf'-sec 
at 292 K. Our results will be compared with previous 
results of others. 

^Research supported by Air Force Geophysics Laboratory. 
Air Force Systems Command under contract F19628^78 ^Ct-' _ '' 
0042. 


HJ 4 Energy Loss of UF6 Ions in Collisions with UF6 
Molecules .* J.A.D. STOCKDALE and B. K. ANNIS,** Health 
and Safety Research Division, Oak Ridge National 
Laboratory.—A beam of UFg ions was formed by electron 
attachment to UF 6 molecules striking a hot carbon fila¬ 
ment. This beam was subsequently crossed at 90° with a 
beam of neutral UF 6 and the energy distributions of the 
negatively charged collision products were examined with 
an electrostatic energy analyzer. _For a laboratory UFg 
beam energy of 200 eV, two main UFg energy loss groups 
were observed in the forward direction corresponding to 
average energy losses of v6 and 23 eV. An F" ion crm-_ 
ponent with average velocity near that of the lower UFg 
energy loss group was also identified. Results for 
various UFg beam energies will be discussed in the 
context of UF^ excited states. 

*Research sponsored by the Office of Health and 
Environmental Research, U.S. Department of Energy under 
contract W-7405-eng-26 with the Union Carbide Corporation. 
**Chemistry Division, Oak Ridge National Laboratory. 


( SESSION HJ: VARIOUS ATOMIC COLLISIONS 
Wednesday afternoon, 30 April 1980 
Richmond Room, Sheraton Washington Hotel at 2:00 P.M. 

H. Mark, presiding 

HJ 1 A Very Efficient Lyroan-a Detector for Fast Meta¬ 
stable Hydrogen Beam Studies . T.A. TRAIN0R, K.J. DAVIS, 
and E.N. F0RTS0N, University of Washington- -A Lyman-a 
detector system having an overall efficiency of 0.1-0.2 
has been developed for use in an experiment to measure 
parity nonconservation in hydrogen. The system consists 
of a symmetric pair of hemispherical mirrors which sub¬ 
tend about 90% of 47Tsr at the quenching region and re¬ 
flect light into two NO gas-filled proportional counters 
with 1.6 cm <|> MgF 2 windows. The mirrors are evaporated 
aluminum protected by a thin film of MgF 2 . The system 
accepts a 1 cm <J> beam, and careful electrode design 
permits a quenching region about 1 cm long. Losses are 
principly in the detector windows (42% trans.), aluminum 
reflectivity (75%), transmission of shielding grids (90%), 
and shadowing by quench electrodes (^80% trans). 

HJ 2 Apparatus for High Resolution Studies 
of L X-Ray Production in 100 keV P*+Ar Single 

Collisions. * R.S. PETERSON, H~. HAYDEN, and W.W. 

SMITH, Univ. of Conn .--A new 1 m grazing inci¬ 
dence spectrometer with a 12 0 0 lines/,. '; ruled 
grating has been used to observe L x-ray pro¬ 
duction from ionic bombardment of gas targets 
under single-collision conditions. L x rays 
from 100 keV P ++ Ar collisions were observed 
between 60 A and 100 A with an instrumental 
resolution of ^ 0.4 A at central image. Details 
of the spectral structure will be discussed. 

^Supported by AR0D and in part by The Univ. of 
Connecticut Research Foundation. 


HJ 5 Analysis of Auger Electron Measurements: Cross 
Sections For Projectiles Moving in Solids,* R. J. FORTNER 
and D. GARCIA,t Lawrence Livermore Laboratory— Auger 
electrons emitted by light projectiles emerging from thin 
carbon foils have been measured. These measurements are 
used to determine the K-shell vacancy fractions for B, C, 
N, 0, and Ar projectiles with energies between 50 and 500 
keV. The fractions increase with increasing energy until 
they reach saturation values. In this paper we analyze 
these vacancy fractions in terms of vacancy creation and 
vacancy filling events, using previously measured 1 cross 
sections and vacancy sharing ratios. The mechanisms 
responsible for saturation are delineated, and molecular 
charge transfer cross sections are extracted. 

*Work performed under the auspices of the U.S. Department 
of Energy by Lawrence Livermore Laboratory under contract 
number W-7405-ENG-48 o 

+Perm. Address-Physics Dept., U. of Arizona, Tucson AZ 85721 
1 D. Schneider & N. Stolterfoht, Phys Q Rev. A19 , 55 (1979). 


HJ 6 

A Study of Selected MO Transitions in the Pb-Pb Quasi¬ 
molecule. * P. VINCENT, H. BOKEMEYER, H. EMLING, 

E. GROSSE, and D. SCHWALM, GSI - Darmstadt, and J. S. 
GREENBERG, Yale University . — The K x-ray component of 
MO radiation, involving selective transitions to vacant Iso 
MO states, has been isolated from the total MO spectrum in 
the superheavy Pb-Pb quasimolecule by measuring coinci¬ 
dences between continuum and K x-radiation. 1 The measure¬ 
ments establish directly the quasimolecular origin of the con¬ 
tinuum x-rays, and provide complementary information on 
strongly bound quasimolecular states formed in heavy-ion 
collisions together with information on vacancy formation in 
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these states and their radiative decay. 

* Work supported by USDOE Contract No. EY-76-C-02-3074 
and the Bundesministerium fiir Forschung und Technologie. 

1 P. Vincent, et al ., ICPEAC XI, abstracts of contributed 
papers, Kyoto (1979) 734. 

HJ 7 

Energy and Angular Distributions of Ibsitrons Created in 

Superheavy Collision Systems. * H. BOKEMEYER, H. FOL- 

GER, H. GREIN, D. SCHWALM, P. VINCENT, GSI - Darm¬ 
stadt. K. BETHGE, A.GRUPPE, R. SCHULE, M. WALD- 
SCHMIDT, Inst. Kemphysik Frankfurt, A. BALANDA, Jagel- 
lonian Univ. Poland, S. ITO, S. MATSUKI, Kyoto Univ. Japan, 
andJ.S. GREENBERG, J. SCHWEPPE, Yale University. — 
The impact parameter dependence of positron creation and 
positron energy spectra from collisions of 5.9 MeV/amu 
Uranium ions with Pb, U and Cm targets have been measured 
with a broad-range high-efficiency solenoidal field magnetic 
spectrometer. These data will be compared with theoretical 
predictions for positron creation in heavy-ion collisions in¬ 
cluding effects associated with overcritical fields in atoms. 

* Work supported by USDOE Contract No. EY-76-C-02-3074 
and the Bundesministerium fiir Forschung und Technologie. 

HJ 8 Impact-Parameter Dependence of K-Shell Ionization 

Cross Sections for Cu and Ni Targets by 2-MeV Protons + 

M.D. BROWN," D.G. SIMONS AND J.R." MCDONALD^" Naval- 

Surface Weapons Center, White Oak, Silver Spring, MD 

20910— 'the angular dependence of the K-shell vacancy 

production probability has been inferred from coin¬ 
cidences measured between the x ray emitted following 
the ionization event and the scattered proton which 
produced the ionization. Results for 2-MeV protons 
scattered at selected angles between 0.6 and 10° are 
reported for Cu and Ni targets. The experimental pro¬ 
cedure is explained and the ionization probabilities 
are discussed. In particular the measurements are 
compared with those of Lund !. 

+ Supported by the Naval Surface Weapons Center 
Independent Research Program. 

* Deceased. 

1. M. Lund, Thesis University of Aarhus (1974). 

HJ 9 Impact-Parameter Dependence of the K-Shell 
Vacancy Production by Protons - Theory' 1 '. 

DAVID J. LAND, JAMES G. BRENNAN AND GEORGE BASBAS*, 

Naval Surface Weapons Center, White Oak, Silver Spring , 

MD 20910— Calculations of the impact-parameter depen¬ 

dence of the K-shell vacancy production probability by 
low MeV incident protons have been performed within 
the direct Coulomb excitation model. These calcu¬ 
lations employ the screened nonrelativistic hydrogenic 
wave functions which have been used extensively by 
Merzbacher and his coworkers in calculations of the 
total vacancy production cross section to describe the 
ejected electron. These wave functions differ from 
those employed by Hansteen and lead to total cross 
sections that are closer to results obtained by means 
of the more accurate Hartree-Fock wave functions 1 . 

Our calculations to date extend to the D wave in the 
partial wave expansion of the wave function for the 
ejected electron. Comparisons with data for 2 MeV 
proton in Ni and Cu taken at NAVSWC will be shown. 

+ Supported by the Naval Surface Weapons Center 
Independent Research Program. 

* Present address: Physical Review Letters, Brook- 
haven National Laboratory, Upton, NY 11973. 

1.0. Aashamar and L. Kocbach, J. Phys. B10, 869 (1977). 

HJ 10 Dissociation of CH^Cl by 1 MeV H + , He + , Q + 

M. N. MONCE, A. V. SHAH, A. K. EDWARDS, R. M. WOOD, 

M. F. STEUER, and P. TABOR*, Univ. of Georgia —Methyl 
chloride was bombarded by 1 Mev H + , He + , 0 * projectiles. 
The positively charged fragments emitted after dissocia¬ 
tion were then analyzed using the time-energy 


spectroscopy method (TES) 1 . H + , H 2 + , H 3 + , C + , CH + , CH 2 + , 

CH 3 + and Cl + fragments were all observed. Examined in 
detail are the kinetic energy spectra of CH^ + and Cl + 
fragments. Results suggest the channel involved in this 
case to be CH 3 Cl ++ ->-CH 3 + + Cl + with a dissociation energy 
of 6.6 ev. 

♦current address: Rollins College, Winter Park, Florida 

^■R. M. Wood, A. K. Edwards, M. F. Steuer, Rev. Sci. 
Instrum. 47, 1471(1976). 

HJ 11 Dissociative Ionization of N?0 and CO? Produced 
by 1 MeV H + , He* and 0 + A. V. SHAH, M. N. MONCE, 

R. M. WOOD, M. F. STEUER, and A. K. EDWARDS, Univ. of 
Georgia— The molecualr dissociation of N 2 0 and C0 2 have 
been studied using the time-of-flight and energy spec¬ 
troscopy (TES) 1 . The energy spectra for each fragment 
ion produced from the dissociation of C0 2 and N 2 0 mol¬ 
ecules caused by 1 MeV H + , He + and 0 + projectiles 
are recorded. Further data from coincident experiments 
strongly support the idea of the fragments arising from 
the doubly ionized parent states C0 2 ++ and N 2 0 ++ . 

R. M. Wood, A. K. Edwards, M. F. Steuer, Rev. Sci. 
Instrum. 47, 1471(1976). 


HJ 12 Dielectronic Recombination Rates for Na Sequence . 
K.J. LaGattuta and Yukap Hahn, Univ. of Connecticut *— 
Dielectronic recombination rates for Na-like Mo targets 
have been calculated in the isolated resonance approxi¬ 
mation by summing-the contributions of many intermediate 
autoionizing configurations using non-relativistic Hartree 
Fock wave functions. Preliminary data on the Fe and At 
targets will be included. The active electrons directly 
involved in the Auger transitions are explicitly treated 
in the LS coupling, while all the other angular momenta 
for the spectator electrons are averaged over. The rates 
thus obtained are approximately 20$ lower than the fully 
averaged result. As in the Ne-sequenge, the L-shell (2p) 
excitations during the radiationless capture dominate,and 
the contributions of the M-shell An=0 transitions are 
comparable to the L-shell case in the Be-sequence,i.e. of 
the order of 10-20$. Estimates of the cascade and rela¬ 
tivistic effects will also be reported. Separate rates 
for the initial target states with 3s,3p or 3d configu¬ 
rations are calculated. 

♦Supported by US DOE Contract EY-2276. 

HJ 13 Polarization Fractions of Lyman- PC 
Radiat ion* T. T . GIEN , Memoria l TT . Newfound Land , 
Canada — The modified Glauber amplitude 1 is 
used in the calculation of the polarization 
fractions of Lyman-radiation in e-H collision. 
The Glauber exchange effects are not neglected 
in the evaluation. Comparison is made with 
experimental data as well as with the results 
of a previous conventional Glauber calculation 
without exchange. Good, agreement with experi¬ 
mental data is found for the modified Glauber 
results at intermediate energies. 

♦Research work supported by the Natural Sciences 
and Engineering Research Council of Canada. 

1 T.T. Gien, Phys. Rev. A 20, 1457 (1979) and 
references there-in. 

HJ 14 

Equivalent Potential for Electron-Atom Scattering . 

J.M. Paikeday*, Southeast Missouri State U. - 

For the calculation of differential scattering cross 

section (DCS) of electrons scattered elastically by 
atoms in their ground state, the effective inter¬ 
action potential contains a short range Yukawa type 
function and a long range polarization potential. 

The spherically averaged short range potential has 
the general form, 

<f 0 |V|to>=(Z/r) Z (AV 1 e- cvr ) 

y jV y 
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in which the coefficients Ay and c v are usually 
obtained from analytical Hartree-Fock solution of 
the schrodinger equation. In the present analysis, 
a simpler and computationally efficient potential 
is considered and the algorithm for obtaining the 
same is discussed. Partial wave phase shifts for 
0 < £ < 12 and energy in the range 100 £ E £ 500 eV 
are compared for the two potentials obtained for 
Neon and Argon atoms. 

^Supported in part by the University Grants and 
Research Funding Committee. 


Annihilation Rates of Low-Energy Positrons in Gaseous 
Ethane. L.M. DIANA, J.D. McNUTT, S.C. SHARMA, A. 


EFTEKHARI, and P.G. COLEMAN, University of Texas at 
Arlington.* --Lifetime spectra have been measured 
for positrons annihilating in gaseous ethane at 8 
temperatures between 256 and 378 K and at densities 
in the range 1.2 to 286 amagat. Results are pre¬ 
sented for the annihilation rates of low-energy free 
positrons as a function of gas density and temperature. 
The annihilation rates exhibit a complex dependence 
on the gas density and their behavior can be inter¬ 
preted in terms of positron-ethane collision complexes 
and self-trapping of positrons within high density 
clusters of the gas molecules. 


*Supported by the Robert A. Welch Foundation, 
Houston, Texas 77002. 


■ SESSION HK: RESPONSE OF MATTER TO HIGH PRESSURE: PANEL DISCUSSION 
Wednesday afternoon, 30 April 1980; Dover Room, Sheraton Washington Hotel at 2:00 P.M.; R.A. Graham, presiding 

Panel Discussion: Problems of Common Interest in Static High Pressure and Shock Compression Research . 

Discovery of the 13 GPa transition in shock-loaded iron in 1954 focused attention on the use 
of shock data for independent determinations of pressure-volume states and raised lotions 
about the consistency of shock and static compression data. Interest m and use of shock com¬ 
pression data in static high pressure investigations has varied considerably since that tim 
and has recently been highlighted by the use of shock compression data as the standard for the 
ruby fluorescence pressure scale in the diamond anvil apparatus. Furthermore, independent 
static high pressure data are essential for evaluating assumptions used in interpretations of 
shock co^ression experiments. In spite of a long history of continuing mutual interest the 
two research communities have not sustained discussions on critical questions of coranon inter¬ 
est. This panel discussion is organized to provide a format for such a dialogue. Panel mem¬ 
bers and the audience will assess the current status of problems involving both so 
static data? The questions of calibration of static high pressure experiments and evaluation 
of fundamental assumptions of shock compression research will be of primary interest. Altho gh 
the discussion will be centered around a panel which represents both research communi ies, 
equally important contributions are expected from the audience and a large block of time will 
be allotted to questions and discussion frcm the floor. 


Panel Members 

HK 1 P.M. BELL, Carnegie Institution of Washington. 
HK 2 W.J. NELLIS, Lawrence Livermore Laboratory. 
HK 3 A.L. RUOFF, Cornell University. 

HK 4 J. SHANER, Los Alamos Scientific Laboratory. 


I SESSION HL: MEDICAL AND BIOLOGICAL PHYSICS 
Wednesday afternoon, 1 May 1980 

Alexandria Room, Sheraton Washington Hotel at 2:00 P.M. 

K.W. Jones, presiding 

Hl \ Mossbauer Studies on the Effect of Phos¬ 
phate Regulators on Duck Hemoglobin . H. Minnich, 
Y.W. Chow, T.A. Borgese and Ambuj Mukerji, 

Lehman College, CUNY -- Effect of.phosphate 
regulators on whole duck hemoglobin has been 
studied by Mossbauer effect spectroscopy. Duck 
hemoglobin was stripped of phosphates by means 
of BIO-RAD AG1X8 resin equilibrated to pH 8.5 
with 0.05Molar TRIS-HCL buffer. Stripped and 
unstripped hemoglobin concentrated to .28 gm per 
cent were used as absorbers and Co in copper 
matrix as source in a Mossbauer experiment. 

Both the source and the absorber were kept at 
LN* temperature. The spectra of stripped and 
unstripped hemoglobin showed the usual quadru— 
pole splittings and the isomer shifts of 0.48 
and 0.17mm/sec respectively. The large change 
in isomer shift is associated with the known in¬ 
crease in oxygen affinity of phosphate free duck 
hemoglobin. 

HL 2 Calculation of the Spectrum of Knock-on 
Protons Associated with Collimated Fast—Neutron 

Beams in Air. P. SHAPIRO, L.S. AUGUST, and L.A. 


BEACH, Naval Research Laboratory . — A signif¬ 
icant flux of energetic light ions associated with 
collimated beams of fast neutrons has been re¬ 
ported. 1 A simple model, utilizing available neu¬ 
tron cross-section and proton energy-loss data, 
has been developed to calculate the contribution 
of knock-on protons from the inner surfaces of 
hydrogenous collimators to the observed light-ion 
flux (LIF). These calculations reproduce the major 
features of the LIF measurements and permit con¬ 
clusions to be drawn concerning the effect of neu¬ 
tron spectrum, collimator geometry, and beam fil¬ 
tration on the proton component of the LIF. The 
existence of this energetic proton component of the 
LIF suggests that the buildup data generally used 
in conjunction with fast—neutron therapy to esti¬ 
mate surface dose needs reexamination. 

1 L.S. August, P. Shapiro, and L.A. Beach, BAPS 
II, _24, 855 (1979). 

HL 3 CHARGED-PARTICLE DETECTOR-TELESCOPE MEASUREMENTS 

OF THE LIGHT ION FLUX FROM COLLIMATED AND UNCOLLIMATED 
HIGH ENERGY NEUTRON BEAMS . J.M. LAMBERT and P.A. TREADO, 
Georgetown University and Naval Research Laboratory ; 

R.G. ALLAS, E.L. PETERSEN, and P. SHAPIRO, Naval Research 
Laboratory— The light ion flux components, primarily pro¬ 
tons and deuterons, have been measured for neutron beams 
produced with 35 MeV deuterons on thick Be targets in two 
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configurations. The "therapy" beam is well collimated 
with Benelex material while the "radiation damage" beam 
is not collimated, but the target is backed by ML 25 cm 
of Al. Measurements have been obtained with gold or lead 
shields at the target, at the exit of the therapy beam 
collimator and directly in front of the telescope. When 
the proton to deuteron ratio of the light ion flux is 
a constant as a function of target-to-de.tector distance 
and when the spectra with and without lead shields at 
the collimator exit do not change, the flux is primari¬ 
ly due to reactions in air. However, at shorter dis¬ 
tances (n,p) reactions in the target backing material 
and/or the neutron collimator can contribute signifi¬ 
cantly to the proton component of the light ion flux. 

Data and predictions will be presented. 

HL 4 NEUTRON DOSIMETRY WITH A SINGLE RECOIL - PARTI¬ 
CLE SURFACE BARRIER DETECTOR . P.A. TREADO-M, J.M. LAM¬ 
BERT 1 »^,R,G. ALLAS^, I~! SLAUSJ., 2,3^ EMAN^-It 

has been shown that a photodiode with a suitably chosen 
CH 2 ^or CD 2 radiator can measure fluences of 14.8 MeV to 
±5% Also, the possibilities of using a thin detector, 
with combinations of CH 2 and CD 2 radiators, to measure 
the shape of continuous neutron spectra with a resolution 
of ^lMeV have been explored.* We have measured the re¬ 
coil particle spectra from neutron beams with known spec¬ 
tral characteristics with single CH 2 and CD 2 radiators 
and either a 50y or a 200y surface barrier detector. The 
neutron beams were from 16 MeV, 22 MeV and 35 MeV deuteron 
bombardment of a thick Be target. All data were obtained 
with a 30 mil Au shield in front of the radiator-detector 
and sufficiently far from the Be target that no protons 
or deuterons created near the target would strike the Au 
shield. 

* 

I. Slaus, et al., Nucl. Instr. and Meth. 148 , 291 (1978), 
and Nucl. Instr. and Meth. 164 , 525 (1979). 

1. Georgetown University, USA; 2. Naval Research Lab,USA; 
3. Rudjer Boskovic Institute, Yugoslavia. 

HL 5 The Origin and Energy Dependence of the Proton 
Flu* in Collimated Fast-Neutron Beams . L.S. AUGUST, 
P« SHAPIRO, and L.A• BEACH, Naval Research Laboratory * 
Recently we reported the existence of a light-ion flux 
associated with a collimated fast-neutron beam. 1 It 
was shown that the energetic part of this flux was due to 
knock-on protons from the hydrogenous collimator walls. 
In this paper we will clarify a possible misconception in 
the interpretation of extrapolation chamber data that 
might appear to show that the proton flux does not exist 
at 1 to 2 meters from the target. Specifically, the near 
identity of measured buildup curves for an open colli¬ 
mator and one with the exit covered with a thick slab of 
hydrogenous material does not show the absence of protons 
from the slab, but rather that the proton flux from 
the open collimator is nearly equal to that from the 
slab. Also, measurements with neutron beams produced by 
16- and 35-MeV deuterons and 42-MeV protons on Be targets 
show the strong energy dependence of the proton flux 
production. The relevance of these results to fast- 
neutron cancer therapy will be discussed. 

1l .S. August, P. Shapiro, and L. A. Beach, Bull. Am. 
Phys. Soc. 24, 855 (1979). 

HL 6 Physical Considerati ons in Cell Division. 

L. JCHN_GAGLIARDI, Rutgers U.— We have previously 
argued that cell cycle changes in charge density 
on both internal and external cellular membranes 
can consistently explain all of the following in 
terms of the associated varying electrical forces 
and stresses: (1) The timing and mechanism of 
disintegration of the nuclear envelope and much 
of the surrounding ER, (2) The orientation of the 
cleavage furrow with respect to the mitotic ap¬ 
paratus, (3) The mechanism of furrowing, (4) 

The timing and mechanism of reassembly of the 
daughter cell nuclear envelopes and 'ER, (5) The 
source of the "missing energy" for the events of 
cell division, (6) The elongation of cells prior 


to division. In the present work, we discuss the 
implications of the above results regarding cancer 
cells. In particular, the observed elevated sur¬ 
face charge generally found on cancer cells should 
have certain consequences with respect to both 
osmotic and physical pressures for both internal 
and external cellular membranes that could be sig¬ 
nificant in the cancerous transformation. 

! L. John Gagliardi, Bull. Am. Phys. Soc, IS, 294(1974). 

L. John Gagliardi, Bull. Am. Phys, Soc. 21, 60 (1976). 

3 L. John Gagliardi, BulL Am.Phys, Soc.22 ; 626 (1977) 

HL 7 A New Technique for Measuring Microwave Absorption 

Over a Broad Frequency Range.* J. H. CONSTABLE, SUNY- 
Binghamton .—A technique has been developed which detects 
microwave absorption in a material by monitoring the 
change of the material’s low frequency dielectric con¬ 
stant. The principle of the technique is that the 
absorption of microwave energy produces a population 
change or partial saturation of the absorbing quantum 
states. This partial saturation reduces the strength of 
tne absorption and therefore changes the imaginary part 
of the electrical susceptibility at the frequency of the 
absorption. It is known from the Kramers-Kronig rela¬ 
tion that the change in the imaginary part of the elec¬ 
trical susceptibility at the absorption frequency 
produces a change in the real part of the static electri¬ 
cal susceptibility. In this technique, this change is 
detected as a synchronous capacitance change in a cell 
which both acts as a microwave transmission line and a 
capacitance cell whose dielectric is the material under 
study. This technique has been applied to solid para- 
hydrogen. Measurements of the absorption due to the 
ortho-hydrogen impurities will be presented together with 
the general cell design. 

*Work supported in part by a grant from the NSF. 

HL 8 THEORETICAL STUDY OF THE CONFORMATIONAL ORDER IN 
.SPHINGOMYELIN BILAYERS, S.D.MERAJVER, Naval Res. Lab.. 
Washington, D. C. 20375 and E.N.SIGUEL, Univ. of Miami 
Medical School , Miami, FI. 33136 We present a. statis¬ 
tical mechanical model of the configurations of the 
fatty acid chains of N-lignocerylsphingosinephosphoryl- 
choline (C-24) and N-palmitoylsphingosinephosphoryl- 
choline (C-26) in multibilayer dispersions. The config¬ 
urations of the chains are constrained to lie on a body- 
centered cubic lattice and are generated by the 3-di¬ 
mensional paths of a judiciously chosen random walk on 
a 2-dimensional square lattice. The order-disorder 
phase transition undergone by the fatty acid chains at 
biologically relevant temperatures is analyzed in light 
of the model. The transition temperature and enthalpy 
of transition are predicted in good agreement with 
calorimetric data. The melting curve of C-24, as given 
by Raman spectroscopic data, indicates an anomalous 
high temperature asymmetry. We explain this particular 
thermal behavior not present in C-16, with the aid of 
our theory. The theoretically predicted ratios of the 
high temperature (fluid) to the low temperature (gel) 
melting curve slopes agree very well yith the experi¬ 
mental values for C-24 and C-16. 

HL 9 Physico-Chemical Processes in Energy 
Deposition-by Heavy Ions in the 100-400 heV/ 

nucleon Range, M.J. RAPKIN*, E.A. CHRISTMAN*, 

and Ao APPLEBY*, RutRers U. **--At Lawrence 
Berkeley Laboratories we have participated in 
a broad program investigating the biological, 
physical, and chemical properties of high en¬ 
ergy heavy ionso We will discuss how our 
chemical observations relate to their energy 
deposition patterns, which determine the bio¬ 
logical effectc Various mechanisms contribute 
to energy deposition. Ionisation phenomena 
have been modelled and successfully explain 
the effects of lower energy radiations» Dis¬ 
crepancies occur between current models for 
deposition and our data. We submit that these 
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discrepancies are attributable to beam frag¬ 
mentation effects. 

‘-Department of Radiation Science. 

^Performed as part of NJ AES Project ir 33401 
supported by the New Jersey Agricultural Ex¬ 
periment Station and NIH Project it CA 19307. 


HL 10 Determination of the Composition of the Near- 
Surface Regions of Denta l Amalgams by Scanning Electron 
Microscopy and Rutherford Backscattering.* A. L. HANSON, 
H. W. KRANER, K. W. JONES, and J. B. WARREN, Brookhaven 
National Laborat ory , J. W. OSBORNE and E. R. SCHLISSEL, 
School of PenEal Medicine, State University of New York , 
Stony Brook —The materials most commonly used -for dental 
restorations are amalgams composed of varying amounts of 
Hg, Ag, Sn, Cu, and Zn. The lifetime of the restoration 
is finite, but the reasons for failure are as yet unknown. 
It is possible that the chemical action of the saliva in 
the mouth ultimately leads to the failure by causing 
changes in the near surface composition of the amalgam. 

We have investigated this question in several types of 
popular amalgams using scanning electron microscopy and 
the Rutherford backscattering of 2.8-MeV a particles to 
measure elemental composition of amalgams from the sur¬ 
face to depths of several microns. Both freshly mixed 
samples and samples taken after extensive use were con¬ 
sidered in this study. A comparison of the spectra ob¬ 
tained with these various samples and conclusions on the 
stability of these materials will be presented. 

^Research supported by the Division of Basic Energy Sci¬ 
ences., U.S. Department of Energy, Contract No. DE-AC02- 
76CH00016 and USPHS Grant #1 S07 RR05778-01. 


HL 11 Haematological Studies On Tuberc ulosis 
UsingTfpectrofl uorometric Technique . M.M* 

BAJAJ, K. SOMANi; Department of Physics & Astr - 
ophysics. University of Delhi, D elhi-I10007* 
India» K .B . IflNGH . ChemTstry Department , Univ ¬ 
ersity of Delhi. Delhi- j 1 0007 < India! M ' M * 
SHlGHT Raj ari"5abu~T«^T~Hos pita 17TteSbii- 1 A QQQ2 j. 

India - Haematological studies are carried 

out on adult patients suffering from T*B.* 
Condition of lungs was examined roentgenograp- 
hically and sputum was tested microscopically 
for the possible presence of Mycobacterium 
Tuberculosis. Present spectrofluorometric 
studies reveal the presence of three fluores¬ 
cent lines at 340,‘415 and 468 n m, in general. 
In case of T.B. patients intensity of these 
fluorescent lines is found to vary in the 
samples studied. An attempt has been made to 
explore the correlation of the intensity of 
these fluorescent lines with the various 
manifestations of this disease in the human 
body. 


HL 12 

Paramagnetism in. .Magnetic Resonance. 

P. H. Von Dreele, New Jersey Medical School . 

— The absolute chemical shift for nuclei in 
molecules which do not contain unpaired elec¬ 
trons can be divided into a diamagnetic.and a 
paramagnetic component. The paramagnetic 
component depends on spin rotational values 
which Ramsey’s equation relates to chemical 
shift tensors. The CSA and SR relaxation 
times also depend on these qu ' ■ ':es; hence, 

on combining the several equations one can 
obtain expressions for 0^ , and 

which deperd on experimental measurements of 
<r, T 1csg f, aa"! T 1sr . Applications to N'^ are 
made. — The chemical shift of nuclei in 
molecules which do contain unpaired electrons 
depends on X, X n , and Xj_ • An old method 
for determining these quantities from magnetic 
resonance data on solutions of paramagnetic 
transition metal ions is reexamined and 
extended to measurements on additional 
systems. 


Supplementary Program 


HL 13 Transitions in Mixed Lipid Systems. 

P. H. Von Dreele, New Jersey Medical School . 

— A mixed lipid bilayer may have a small or 
large degree of lateral species separation 
depending on the packing of the two kinds of 
molecules which, can differ in different phases. 
We have developed a two dimensional stat. 
mech. model which is used to fit binary phase 
diagrams and obtain a nonideality parameter 
for each phase which is converted into mole 
fractions of near neighbor pairs in each 
phase. Analysis of data for PML/DSL in multi- 
lamellar form shows a large degree Of nonideal 
mixing present in the gel but not in the 
liquid crystal phase. 

When the same mipid mixtures in vesicle 
form are studied using NMR and ESR, the non¬ 
ideal interactions ar n linger present. 

Thus, unlike amino acids, the degree of non¬ 
ideal interaction depends strongly upon the 
lipid with which it is mixed and also on the 
superstructure of the bilayer. 


( BUSINESS MEETING OF THE DIVISION OF COSMIC PHYSICS 
Wednesday afternoon, 30 April 1980 
Regency Room, Shoreham-Americana Hotel at 4:30 P.M. 


■ SESSION JA: SYMPOSIUM OF THE DIVISION OF NUCLEAR PHYSICS: LIMITS ON UNDERSTANDING OF HADRONIC PROBES 
1 Thursday morning, 1 May 1980; Washington Room, Sheraton Washington Hotel at 9:00 A.M.; R.M. Thaler, presiding 

JA 1 Pion Scattering From Nuclei: Phenomenological Considerations. 

H. McMANUS, Michigan State University (30 min.) 

Pion-nucleus scattering is discussed in the framework of simple theoretical models, which include 
in some approximate way all physical effects including true absorption. Attention is focused on 
models in which most of the parameters are estimated theoretically and then adjusted or deter¬ 
mined phenomenologically by comparison with experiment. Some of the ambiguities involved are 
discussed. 


JA 2 Pion Scattering From Nuclei: Basic Theoretical Considerations.* D. ERNST, University of Washington. (30 min.) 

The hope of building a microscopic theory of the interaction of pions with finite nuclei depends 
on the ability to define a perturbation theory based on the impulse approximation and its 
corrections. We will examine the question of when, if ever, the first order impulse approx¬ 
imation is adequate. Reactions to be discussed include elastic pion scattering from the 
deuteron, elastic scattering from light and heavy nuclei, inelastic scattering to discrete final 
states, and pion production reactions. In each case, the ability to clearly define and 
accurately calculate the lowest order’impulse term will be critically examined. Both potential 
theories and field theoretic approaches will be included. Within the context of potential 
models, relativistic potential theory and the covariant reduction approach will be compared. 
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the importance of the choice of propagators reviewed, and a survey of higher order terms given 
Within the context of field theoretic models, the effective size of the pion-nucleon 
interaction, the role of true pion absorption, and counting problems will be examined. In all 
cases, general features of the pion-nucleon amplitude and the implications of these features 
for the many-body problem will be emphasized. Examples from recent works by various authors 
will be used to demonstrate both successes and remaining difficulties. 

^Supported by the National Science Foundation and U.S. Department of Energy. 
tPermanent address, Texas A & M University. 


JA 3 Nucleon Scattering From Nuclei: A Single Scattering Approach.* W.G. LOVE, University of Georgia. (30 min.) 

Several characteristics of the nucleon-nucleon (N-N) interaction which are most important for 
probing nuclear structure have been studied between 100 and 800 MeV bombarding energies. In 
this energy range, the spin and isospin composition of the N-N interaction undergoes important 
and interesting changes which in a single scattering approximation suggest selective bombarding 
energies for probing different aspects of nuclear structure. Using the on-shell N-N t-matrix as 
the transition operator, data for differential cross sections and analyzing powers for a variety 
of transitions at IUCF and LAMPF energies have been investigated with an emphasis on identifying 
the realm of applicability of the distorted-wave-impulse-approximation (DWIA). For certain types 
of transitions (and observables) the DWIA is found to be quantitatively adequate; for others it 
provides a semi-quantitative approach and hence a convenient point of departure for refinements. 
Finally, those transitions mediated in first order by the small parts of the N-N t-matrix are 
poorly described in the DWIA and appear to require significant extensions of the approach such 
as multiple scattering corrections. 

* 

This work was done in collaboration with M. Franey, University of Minnesota and F. Petrovich, 

The Florida State University and was supported in part by the National Science Foundation. 

JA 4 Nucleon Scattering From Nuclei: Basic Theoretical Considerations.* 

K.L. KOWALSKI, Case Western Reserve University , (30 min.) 

Most extant calculations of nucleon-nucleus scattering are based on approximations derived 
from incomplete sets of scattering equations. Because of this the conditions for the 
validity of these approximations as well as the possibilities for their systematic improvement 
are often poorly understood. In an effort to overcome these shortcomings, nucleon-nucleus 
scattering is described starting from a complete set of scattering equations. This starting 
point allows the convenient incorporation of the Pauli principle and leads to the development 
of new types of approximations. The implications of this approach for future calculations 
are explored. 

^Supported by the National Science Foundation. 


SBB'ON JB: SYMPOSIUM OF THE DIVISION OF COSMIC PHYSICS: RECENT ADVANCES IN ASTROPHYSICS 
Thursday morning, 1 May 1980; Empire Room, Shoreham-Americana Hotel at 9:00 A.M.; l.l. Shapiro, presiding 

JB 1 Q 0957+561-The First Gravitational Lens. P.J. YOUNG, California Institute of Technology. (30 min.) 

JB 2 SS433—The First Year. S.A. GRANDI, University of California-Los Angeles. (30 min.) 

It has been one year since the unprecedented nature of the emission line object SS433 was first 
described in a paper given by Margon et al.l in the spring 1979 meeting of the A.P.S. As well as 
showing stationary emission lines of H, He and C, the spectrum of SS433 shows two sets of period¬ 
ically moving emission features which turn out to be Doppler shifted lines of H and He with veloc- 
lties of up to +50,000 and -30,000 km s” 1 . In the past twelve months, observations have confirmed 
the above description and a "standard" kinematic model (by Milgrom and Abell and Margon) of two 
rotating, radiating beams has been developed. Radial velocity measurements of the stationary 
emission lines (by Crampton, Cowley and Hutchings) indicate SS433 is contained in a 13.1-day 
binary star system, giving rise to a model of SS433 as a fairly typical, low mass. X-ray emitting 
binary system with a precessing accretion disk — with the unique addition of the beams. Also 
during the past year, radio observations have shown what is apparently the result of an inter¬ 
action between the beams and the probable supernova remnant W50 which surrounds SS433. Finally, 
of course, the past year has seen numerous theoretical attempts to explain the mystery of SS433 — 
the beams. 

1 B. Margon et al. Bull. A.P.S. 24, 583 (1979). 

JB 3 Planetary Rings.* S.D. TREMAINE, Institute for Advanced Study, Princeton. (30 min.) 

Three major effects dominate the structure and evolution of the particulate ring systems of 
Jupiter, Saturn and Uranus: interparticle collisions, gravitational perturbations from planetary 
satellites, and radiation drag. Collisions cause radial diffusion of the‘ring particles. If 
aturn s rings are as old as the solar system their radial width implies that the velocity 
dispersion of the ring particles is < 0.2 cm s J , and the ring thickness is < 10m. Saturn's 
satellites excite spiral density waves in the rings at resonances. These waves carry negative 
angular momentum, which is transferred to the ring particles as the waves damp. Thus the 
particles spiral inward, opening up the well-known gaps such as Cassini's division at the 2:1 
resonance. The rings of Uranus are different from those of Saturn in many respects. In 
particular, they are so narrow (5-100 km) that collisional diffusion and radiation drag would 
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destroy the rings within < 10^ yr in the absence of some confining mechanism. The most natural 
mechanism is gravitational perturbations from small satellites (vLO km radius) which orbit 
between the rings. Satellites on either side of a ring exert repulsive torques on the ring 
particles and squeeze the ring into the observed narrow shape. The plausibility of this 
mechanism is increased by the Voyager discovery of a small satellite just outside the edge of 
Jupiter’s ring. 

*Work done in collaboration with Peter Goldreich, Caltech. 


JB 4 The Magnetosphere of Saturn.* B. McKIBBEN, University of Chicago. (30 min.) 

The Pioneer flyby of Saturn has revealed the existence of a fully developed magnetosphere at 
Saturn with a scale intermediate between the magnetospheres of Earth and Jupiter.« The Saturnian 
magnetopause was first encountered at 17.4 R$ inbound (1 R s = 60,000 km) when the magnetosphere 
was in a highly compressed state as a result of high speed solar wind. The magnetic moment of 
Saturn has a value of 0.22 gauss-Rg^ and is parallel to within 1° to Saturn s rotation axis. The 
enerqetic particles trapped in the dipole field region reached maximum intensities of 3 x 10** 
and 3 x 10° cm“2 sec" 1 for protons > 35 MeV and electrons > 3.4 MeV, respectively. Because of 
the alignment of the dipole with the rotation axis, determination of the structure of the trapped 
radiation zones on the basis of data from a single flyby is simpler for Saturn than for Jupiter, 
whose dipole is tipped ^ 10°. The structure is dominated by interaction of the radiation with 
matter in the form of satellites, ring material, and possibly plasma. Through the presence of 
absorption features in the radiation, a new satellite of Saturn was discovered at an orbital 
radius of 2.52 R s , and the discovery of a new ring (F-Ring) centered at 2.35 R s by the Imaging 
Experiment was confirmed. In the inner region of the trapped radiation zone (R < 4 R s ) the par¬ 
ticle intensities increased inwards at a rate so rapid as to call into question the conventional 
theory of acceleration of radiation belt particles by inward diffusion. Inside the outer edge of 
the A ring trapped particles were completely absorbed by ring material, and only a low flux of 
hiqh energy electrons of undetermined origin was observed. The number and variety of interac¬ 
tions with material observed in the profiles of the trapped radiation at Saturn offers a unique 
opportunity to study the processes leading to acceleration and maintenance of particles in trap¬ 
ped radiation zones. 

*The University of Chicago work was supported in part by NASA Contract NAS 2-6551. 

1 Preliminary results from all Pioneer 11 experiments have been reported in Science , 207, PP- 400- 
454, 1980. 


I SESSION JC: SYMPOSIUM OF THE DIVISION OF PLASMA PHYSICS: ADVANCES IN CONTROLLED FUSION RESEARCH 
Thursday morning, 1 May 1980; Forum Room, Shoreham-Americana Hotel at 9:00 A.M.; S.O. Dean, presiding 

JC 1 The Pace of Fusion Energy Development. S.O. DEAN, Fusion Power Associates. (15 min.) 

The decade of the 1970’s has seen the emergence of the tokamak as the first approach to fusion 
known to be capable of achieving the conditions of temperature, density and confinement 
required for net energy release. Experiments like Alcator at MIT, ORMAK at Oak Ridge, PLT at 
Princeton and various tokamaks in other countries demonstrated empirically the scaling laws 
for confinement as a function of plasma size and density at very respectable temperatures of 
about 1 keV, or approximately 10 million degrees. Then, in 1978, using a technique called 
"neutral beam heating," the tokamak scaling law was verified in the PLT to temperatures of 6.5 
keV, well in excess of the ideal ignition temperature of 4 keV required for fusion reactions 
to become self-sustaining. The decade of the 1970’s has also seen the emergence of a whole 
new field of fusion research—inertial confinement. The evolution of the science and engi¬ 
neering of this approach and the spirit of friendly competition which has emerged between the 
magnetic and inertial communities have brought enhanced life and vigor to fusion research as a 
whole. Although tokamaks have been the primary effort in magnetic confinement and laser 
drivers in inertial, new ideas and data strongly suggest that there will be several successful 
paths to practical fusion systems. Particle beam drivers for inertial confinement and mag¬ 
netic mirrors and alternate toroidal magnetic configurations are showing promise. The 
successes of the 1970's have caused many people to suggest that the pace of fusion research 
should be accelerated in the 1980’s. In addition to strengthening the ongoing experimental 
and theoretical effort, the primary ingredient in such an acceleration is an intensification 
of engineering activities. This is because scientific progress in fusion has been and is 
directly related to technological advances and to the insights and guidance acquired from 
conceptual studies of net energy producing fusion reactors. Also, at least one concept in the 
magnetic program will seek to build an experimental fusion reactor during the 1980’s and this 
will demand a greatly enhanced engineering effort. A growing consensus is emerging that the 
scienfitic results of the past ten years provides ample evidence that fusion research has 
reached the stage where increased funding can effectively be used to speed the arrival of the 
Fusion Age. 

JC 2 Particle Beams, Mass Accelerators, and Magnetized Fuel Targets. D.A. TIDMAN, Jaycor, (30 min.) 

Charged particle beam technology has relatively easy access to pulses in the multi—MJ energy 
range, but with long pulse times of order 100 nsec. They are also difficult to focus on to mm 
size targets, as compared to lasers. In the same sense mass accelerators (not yet developed) 
would be energy rich but power density poor. It thus appears that larger magnetized fuel targets 
may offer the prospect of a better match to these ignitors than the small high density unmagne- 3 
tized fuel pellets more suitable for lasers. We discuss a conical relative of Widner’s 4> pellet 
that could be adiabatically compressed to possible ignition by a piston driven axially by impact 
of a projectile or particle beam pulse. These targets would have final fields in the 10 Gauss 
range, final fuel density ~p g /10, and have a convenient size (for focussing) of a few cm. The 
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close relationship of these concepts to those of the fast liner compression program^ will also be 
discussed, together with some novel accelerator schemes. 

1. In collaboration with S. A. Goldstein. 

2. D. A. Tidman and S. A. Goldstein, J. Appl. Phys., March (1980). See also Proc. Impact Fusion 
Workshop, LASL Rept. LA-8000C, Ed. by A. T. Peaslee, Jr. 

3. J. Chang, M. M. Widner, A. V. Farnsworth, Jr., R. J. Leeper, T. S. Prevender, L. Baker, and 

J. N. Olson, Proc. 2nd Int. Conference on High Power Electron and Ion Beam Res. and Tech. 
Cornell, p. 195 (1977). 

4. I. Lindemuth and T. Jarboe, Nuc. Fusion 18, No. 7, 929 (1978). 

JC 3 The State of the Stellerator-Torsatron-Heliotron Art. 

P A. POLITZER , Massachusetts Institute of Technology. (30 min.) 

Recent results of plasma confinement experiments in stellarators, heliotrons, and torsa- 
trons have generated renewed interest in this family of plasma containment devices as 
possible controlled fusion reactors. These results, principally from the Cleo (U.K.), 

Wendelstein Vila (W. Germany), L-2 (U.S.S.R.), and Heliotron D (Japan) devices demonstrate 
that the densities, temperatures, and confinement times obtainable in helical systems 
are comparable to the values found in tokamaks of similar size and input power. Further¬ 
more, they show that plasma confinement improves with reduced toroidal plasma current. 

Preliminary numerical computations of transport coefficients in helical toroidal systems 
indicate that the dire predictions of neoclassical theory for systems including magnetic 
ripples are not borne out. The computed transport coefficients are no more than a factor 
of three above the values calculated for the equivalent axisymmetric torus, and the pre¬ 
dicted inverse dependence on collision frequency is not seen. Design studies for a next 
generation experimental device and for a reactor based on the torsatron configuration 
have been carried out. The next experiment would be a torsatron designed to achieve 
parameters comparable to those in present tokamaks, and would provide tests of operation 
with no net toroidal current and of the divertor action of the torsatron field. The re¬ 
actor operates with divertors in a steady-state, ignited mode. The design shows that the 
limiting constraints of other configurations can be mitigated. 

JC 4 The Physics of Compact Toroid Plasma Configurations.* 

H. DREICER, Los Alamos Scientific Laboratory. (30 min.) 

The U.S. Magnetic Fusion Energy program is expanding its efforts to test the maqnetic 
confinement properties of Compact Plasma Toroids (CT). These plasma-magnetic field 
smoke-ring configurations combine some features of more conventional toroidal and magnetic 
mirror confinement systems, and this opens the possibility that a simpler fusion reactor 
concept can result. For example, the CT configuration would not require a toroidal vacuum 
chamber and could avoid the interlocking breeding blanket and toroidal magnetic field coils 
altogether. This paper will review the present status of Compact Toroid physics knowledqe with 
special emphasis on the methods of CT plasma production and the properties of CT plasmas 
observed in experiments to date. 

*Work performed under the auspices of the U.S. Department of Energy. 

JC 5 Numerical Simulation of Reversed Field Pinches. C.K. CHU, Columbia University. (30 min.) 

JC 6 Title to be announced. B. COPPI, Massachusetts Institute of Technology. (30 min.) 


I SESSION JE: HEAVY IONS: RESONANCES 
Thursday morning, 1 May 1980 

Baltimore Room, Sheraton Washington Hotel at 9:00 A.M. 

K. Kemper, presiding 


JE 1 Elastic Scattering of 32 S + 24 Mq at = 90° .* 
R - R - BETTS, B.B. BACK, W.F. HENNING and K.L. WOLF, Argonne 
National Laboratory . An elastic scattering excitation 
function has been measured for the 32 S + 2 ^Mg system in 
a search for resonance-like phenomena similar to that 
observed 1} in the 28 Si + 28 Si system. In the energy 
range of interest, the measured cross-sections are a 
factor of 20 less than those for 28 Si + 28 Si and no 
evidence is found for structure of width similar to that 
in 28 Si + 28 Si. The origin of this striking difference 
will be discussed in terms of the coupling of entrance 
channel resonances to compound nuclear, inelastic and 
transfer degrees of freedom. 

* 

Work performed under the auspices of the Office of 
Basic Energy Sciences, Division of Nuclear Physics, 

U. S. Department of Energy. 

R.R. Betts, S.B. DiCenzo and J.F. Peterson, Phys. Rev. 

Lett. 43, 253 (1979). 


JE 2 Gamma Decay of the 5.60 MeV 12 C + 12 C Resonance 
to 24 Mg . A.M. SAND0RFI, BNL* and A.M. NATHAN, U. of Ill 
—In recent years considerable effort, both experimental 
and theoretical, has followed the discovery of the first 
quasimolecular 2 C + 12 C Coulomb barrier resonances at 
5.60 MeV (J =2+) and 6.00 MeV (J^^C.M. 1 To investi¬ 
gate their connection with the structure of the fused 
nucleus 2l+ Mg, we have studied the radiative capture re¬ 
action 12 C( 12 C,y) between E cm =5.3 and 6.3 MeV using the 
BNL MP6 Tandem. The high energy y rays decaying to the 
low lying states in 24 Mg were detected with a new large 
volume Nal spectrometer which clearly resolved the y , 

Yj > and Yo>q Tines. We have observed the y decay of 0 the 
5.60 MeV fj’^=2‘P) resonance to the ground state of 2lf Mg. 
The 6.00 MeV (J' n '=4 + ) resonance, which could y decay to a 
2 + state in 24 Mg, is not evident in the y yield, but 
could be masked by a previously reported capture reson¬ 
ance at 6.10 MeV. 2 The y^ yield does, however, reveal a 
new resonance at 5.75 MeV. 


Work supported by DOE Contract No. DE-AC02-76CH00016 

1. E. Almquist, D. Bromley, J. Kuehner, Phys. Rev. Lett. 
4, 515 (1960). 

2. A. Nathan, T. Bowles, A. Sandorfi, BAPS 24, if 4, 666 
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JE 3 A Search for Direct y-Transitions Between 
"Resonances" in the 12 C+ 12 C System .* R.L. MCGRATH, 

T. RENNER and D. ABRIOLA, SUNY-Stony Brook- We have initi¬ 
ated a search for direct y-transitions between the reson¬ 
ant-like structures observed in the * 2 C+* 2 C system. 

Since the structures might be associated with highly 
deformed states, the quadrupole y-rate may be highly en¬ 
hanced (^100 Weisskopf units). Even so, observation re¬ 
quires a technique for measuring ry/r^5xlo - ^. Our method 
consists of detecting 12 C ions corresponding to the miss¬ 
ing y-ray energy associated with a transition to a lower- 
lying "resonance". The ions are detected in a AE-E tele¬ 
scope consisting of an ionization chamber-position sensi¬ 
tive detector (PSD). Background is reduced by overdeter¬ 
mining the kinematics, i.e., recoils are detected in coin¬ 
cidence in a second PSD. From an initial experiment, 
preliminary analysis shows 3 events in an energy region 
corresponding to y-decay from the 12 C+ i2 C system at 
25.95 MeV to 19.35 MeV (cm). We estimate this number 
corresponds to B(E2)vL00 B(E2)weisskopf* Furt her work is 
planned in order to establish a more meaningful measure¬ 
ment of r y/ r . 

*Supported in part by the National Science Foundation. 

1. T.M. Cormier, et al., Phys. Rev. Lett. 38_ (1977) 940. 


JE 4 Coherence Angle in Heavy Ion Reactions . 

P. BRAUN-MUNZINGER, SUNY-Stony Brook and J. BARRETTE, 
Brookhaven Nat'l Lab .—The angular cross correlation 
function for fluctuating heavy ion reactions is investi¬ 
gated using Hauser-Feshbach theory. It is demonstrated 
that the coherence angle is, for typical cases, up to 
an order of magnitude larger than commonly estimated 
using the 'black nucleus' model of Ref. 1. This large 
coherence angle is due to the strong localization of the 
fluctuating cross section in angular momentum space. 

Our calculations are compared to measured angular cross 
correlations for the reaction 12 C( 16 0 ,a) 24 Mg. The 
implications of these findings with respect to the 
identification of heavy ion resonances will be discussed. 

♦Supported in part by NSF and DOE. 

1. D.M. Brink, R.O. Stephen and N.W. Tanner, Nucl. 

Phys. 54 (1964) 577. 

2. M.L. Halbert, F.E. Durham, C.D. Moak and A. Zucker, 
Phys. Rev. 162 (1967) 919. 

JE 5 Structure in the Excitation Function for the 
12 C( l6 0, 16 0(o£)) 12 C Reaction.* W.S. FREEMAN, 

T. CHAPURAN, W.F. PIEL, JR., H. WILSCHUT and P. PAUL, 
SUNY-Stony Brook —An earlier measurement 1 at BNL of the 
energy dependence of the total cross section for 
producing the 0^=02(6.05 MeV) state in 16 0 in the 16 0+ 12 C 
reaction has been extended to lower energies and now 
spans the range 16.5<E cm <47 MeV. Excitation of the O 2 
state was detected by observing its e + -e. pair decay to 
the ground state. Several structures are seen for 
E cm^ 33 MeV ' while the region E cm >33 MeV exhibits little 
structure and is rather well described by a fusion- 
evaporation calculation. The data will be compared to 
recent experimental results for the ^0(3 ) state , as 
well as to calculations of inelastic and a transfer 
processes. The role of angular momentum matching will be 
discussed. 

♦Supported in part by the National Science Foundation. 

1. W.S. Freeman, W.F. Piel, Jr., H. Wilschut and P. Paul 
BAPS 24: (1979) 665. 

2. J.J. Kolata,R.M. Freeman, F. Haas, B. Heusch and 
A. Gallmann, Phys. Rev. C19 (1979) 408. 

JE 6 The 12 C( i2 ' 13 C,X) 16 0(02) Reactions.* 

H. WILSCHUT, T. CHAPURAN, W.S. FREEMAN, W.F. PIEL, JR., 
and P. PAUL, SUNY-Stony Brook— The excitation function 
for the production of 1 ^ 0 ( 02 ) in the 12 C+* 2 C reaction 
was measured by detecting the electron pair decay of the 
excited oxygen nucleus. Carbon beams of E=22-94 MeV were 
obtained from the Stony Brook and Brookhaven Tandem 
Van de Graaffs. The overall shape of the excitation 
function can be explained by evaporation of two alpha 


particles from the 24 Mg compound nucleus; this cross 
section can be as large as 20 mbarns. Superimposed 
fluctuations are seen, possibly due to a transfer to the 
oj state in oxygen. These fluctuations are not seen in 
the analogous 12 C+ 13 C reaction. We will discuss possible 
origins of the fluctuations, and a fusion-evaporation 
calculation used to predict the average behavior of the 
excitation function. 

♦Supported in part by the National Science Foundation. 

JE 7 Excitation Function for the 16 0 ( 1 6 0, 1& 0(O 2 )) 16 0 

Reaction .* T. CHAPURAN, W.S. FREEMAN, W.F. PIEL, JR., 

H. WILSCHUT and P. PAUL, SUNY-Stony Brook— A large solid- 
angle e + e“ pair detector 1 has been used in a series of 
light heavy-ion reactions involving excitation of the 
6.05 MeV 0* state in 16 0. The total cross section for 
inelastic scattering to this state in the 16 0+ 16 0 
system was measured by detecting the O^-K)* (g.s.) decay. 
Data were obtained using the 16 0 beam of the BNL tandem 
on an ^1.5 MeV thick Ta 2 0 5 target, in 750 keV steps from 
60 to 80 MeV. Structures of width ^1.5 MeV (c.m.) have 
been observed at £^^34 and 38 MeV, in the ^2 mb average 
cross section. These results will be compared with data 
on other reaction channels, particularly inelastic 
scattering to the nearby 3^ (6.13 MeV) state, in light of 
the very different angular momentum matching between 
these two final states and the entrance channel. 

♦Supported in part by the National Science Foundation. 

I. W.F. Piel, Jr., et al., BAPS 24 (1979) 665. 

J E 8 f n 1 n 

Spin Alignment in iZ C - 1Z C Inelastic Scattering. * S. J. 

WILLETT, K. A. ERB, S.K. KOROTKY, R.L. PHILLIPS, and 

D. A. BROMLEY, Yale University . -- Many resonance and 
non-resonance reaction mechanisms have been proposed to 
explain the narrow and intermediate-width structures observed 
in 12 C - 12C scattering. In particular, Phillips, et al . 1 have 
found that structures a few MeV wide in the reaction ^ 12 C 
( 12 c, 12 c)l 2 ci. 44 are consistent with a non-resonant dif¬ 
fraction model. A consequence of that model is a strong 
alignment of the intrinsic spin of the excited residual nucleus. 
In order to provide additional experimental information use¬ 
ful to judge this and other theories, we have measured the 
spin alignment, using a particle-gamma angular correlation 
technique. Data will be presented for a wide range of ejectile 
angles ( 53 - 100 ° c. m.) and incident energies, chosen to trace 
out both intermediate-width and narrow structures in the 
range 15. 75-32. 50 MeV (c. m.). Comparison of theoretical 
predictions to these data will be discussed. 

Work supported by USDOE Contract No. EY-76-C-02-3074. 
^-R. L. Phillips, et al ., Phys. Rev. Lett. 42 (1979) 566. 

16 16 

JE 9 Continuum Structure in the 0( 0,a) Reaction. 

T. YAMAYA, R. E. TRIBBLE, D. M. TANNER, N. TAKAHASHI, 

E. TAKADA, T. SHIMODA, and K. NAGATANI, Texas A&M U.* — 
Previously, we reported 1 an observation of distinct 
structures in the spectra of the reaction 1 C( 0,a) 

(ref. 1). We observed a strong correlation between these 
structures and the molecular resonance states observed in 
the 12 C + 12 C system. We have extended this study to the 
1 6 0 ( 1 6o r a) reaction using a 145-MeV 18 0 beam on a gas 
target. Reaction products were observed in the focal 
plane of a magnetic spectrograph with a setup identical 
to that reported in ref. 1. Forward angle spectra show 
enhanced broad peaks corresponding to excitation energies 
in 28 Si at 27, 30, 33, 43, 50, and 59 MeV. A measurement 
was also carried out for the reaction 14 N( 18 0,a), and 

no distinct structures were observed. The new results, 
when combined with our previous results, indicate that 
structures appear in the continuum for the ( 18 0,a) 
reaction on l2 C and 16 0 targets, but not on 13 C and 14 N 
targets. 

1 K. Nagatani, Phys. Rev. Lett. £3, 1480 (1979). 

♦Supported in part by the National Science Foundation, 
the R. A. Welch Foundation, and the A. P. Sloan 
Foundation. 
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JE 10 

Intermediate Structure Resonances in 24 Mg with 
Large^ 2 C + 12 C and a + Ne* Decay Widths . R.J. LEDOUX, 
E.R. COSMAN, M. BECKERMAN, G. LAVELLE, S.G. STEADMAN, 
and A. SPERDUTO, MIT. --Strongly correlated intermediate 
structures among T2r C + 12 C elastic and reaction channel 
excitation functions suggest a special set of 24 Mg 
states ranging from the Coulomb barrier up to E CM 5 40 
MeV. 1 These states have been found to have large par¬ 
tial widths to 12 C 0 + 12 Cq and to a + 20 Ne*. In this 
latter case, *he decays from states in 24 Mg between 
E x = 25 and 55 MeV go to only a few selected 20 Ne* 
states between E x = 8 and 22 MeV. Resonance width 
strength functions for these channels are extracted 
from elastic and reaction data. These strength func¬ 
tions indicate the structural importance of these select¬ 
ed states in 20 Ne* in understanding the intermediate 
structure in 24 Mg. 

^.R. Cosman, R.J. Ledoux, A.J. Lazzarini, submitted to 
Phys. Rev. C, 1979; and BAPS, Vol. 25, January, 1980. 
2 R.J. Ledoux, et al., BAPS, Vol. 25, January, 1980. 

JE 11 Elastic Scattering Angular Distributions for the 
System I6 O+ 20 Ne .* M. GAI, G.M. BERKOWITZ, 

P. BRAUN-MUNZINGER, C.M. JACHCINSKI, C.E. ORDONEZ, 

T.R. RENNER and C.D. UHLHORN, SUNY-Stony Brook .— A 
differentially pumped gas cell was used to measure 
angular distributions for the elastic scattering of 16 0 
from z0 Ne. Data were taken at or near maxima of the 
previously measured excitation function. Analysis of the 
angular distributions was performed assuming a coherent 
superposition of optical model and resonance amplitudes. 
The results can be summarized as follows: near 
E cm =24 * 5 MeV ' the data are consistent with the existence 
of an isolated resonance with J^l?”. Near E cm =18 MeV, 
the situation is more complicated and the data cannot be 
described assuming isolated resonances but a reasonable 
description of the measured angular distributions can be 
obtained by assuming overlapping resonances with spins 
j7T=8 and 12 , respectively. Analysis of our data in 
terms of parity dependent optical potentials and elastic 
transfer is also discussed. 

*Supported in part by the National Science Foundation. 


JE 12 Is Parity Dependence Needed in the Optical 
Potential for the ±60 + 28 Si System? V. SHKOLNIKT D. 
DEHNHARD, M. A. FRANEY, U. of Minnesota* —We have ex¬ 
tended our close fitsl for 160 + 2 ^si elastic scattering 
to energies below Ei a b = 45.0 MeV. A smooth energy 
dependence and surface transparency were needed to fit 
angular distributions up to 6 cm ^ 90°and the 9 cm = 90° 
excitation function. For a good fit to the 0 cm = 180° 
excitation function and to the complete angular dis¬ 
tributions at Eiab = 41.226, 50.0, and 55.0 MeV, an 
additional parity-dependent term 2 , C(-l) A V(r), was found 
to be essential. This finding is in contrast to some 
recently made claims 3 . C is energy dependent, negative, 
and of the order of 1%. 

We also discuss the theoretical justification for 
a parity dependence in the optical potential. 

Supported by the Department of Energy. 

IV. Shkolnik et al., Phys. Lett. 74B, 195 (1978). 

2 D. Dehnhard et al., Phys. Rev. Lett. 40, 1549 (1978). 
3 S. Kahana et_ aK, Phys. Rev. C 20, 2124 (1979). 


JE 13 Fusion of 24 Mg -f 24 Mg. C. M. JACHCINSKI, D. G. 
KOVAR, D. F. GEESAMAN, C. OLMER, M. PAUL, S. J. SANDERS, 
and J. L. YNTEMA, Argonne National Lab. ^—Studies 1 have 
shown that oscillatory structures are present in the 
excitation functions of the total fusion cross sections 
for the identical-particle systems 12 C + 12 C and 
0 + 16 0. Recent measurements 2 on the 28 Si + 28 Si 
system indicate that such behavior may persist in 
heavier systems. To investigate this we have measured 
the total fusion cross sections*for 24 Mg + 24 Mg over 
the energy range 25 * E cm < 32 MeV using standard 
charged-particle techniques. The data suggest small 
oscillations in the energy dependence of the fusion 
cross sections. Gamma-ray measurements, which are more 


sensitive to the presence of oscillations have been 
started in an effort to pin down the strength of the 
oscillations and their exit-channel dependence. 

*Work supported by the U. S. Department of Energy. 

P. Sperr et al., Phys. Rev. Lett. 37, 321 (1976); 

J. Kolata et al., Phys. Rev. C 16, 891 (1977). 

2 S. B. Dicenzo et al., BAPS, 23_, 949 (1978). 


Supplementary Program 

JE 14 On the Systematics of Heavy Ion Scattering 
Resonances .* M. GAI+, SUNY-Stony Brook— The previously 
reported correlation between resonance structures in the 
systems 16 O+ 20 Ne and ^O+^C 1 is shown to be a general 
property of heavy ion scattering resonances observed in 
12 C+ 12 C, 16 0 + 12 C, 1 6 O ,20 [fe; 24 Mgj 28 si . ^ correlation 

between two systems is shown to be given by a linear 
scaling of E cm , (e.g., E om ( 12 c+ l2 C)=6/7 E cm ( 1 6 0 ,!2 C) > _ In 
each system two pronounced structures in the excitation 
functions of different exit channels exist, (e.g., 

E cm( 16 0+ 12 C)=19.7 and 13.7 MeV). These two pronounced 
structures in the different systems have energies which 
are predicted by the aforementioned linear scaling. If 
we apply the discussed scaling to the E cm ( 1 6 0+ 12 C) =19.7 
MeV we find resonances in the different systems with 
E cm =2 * 8 * N a and L=2N a , where N a the scaling factor, is 
equal to the total number of a particles in the system. 
This increase of AJ 7r =2 + AE cm ^2.8 NeV resembles 
E *(2 + f°Be)=2. 94 MeV and r=1.54 MeV. For the resonances 
correlated with E^ ( 16 0+ 12 C )= 13 .7 MeV we find ^=8+ in 
four systems, or AJ 7r =0 + and AE^^.4 MeV. 

♦Supported in part by the National Science Foundation. 
^Present address: Yale Univ., New Haven, CT. 

1. M. Gai, BAPS 24 (1979) 843. 


I SESSION JF: LIGHT-ION INDUCED REACTIONS 
Thursday morning, 1 May 1980 

Annapolis Room, Sheraton Washington Hotel at 9:00 A.M. 

R.J. Peterson, presiding 

JF 1 The Origin of Li, Be and B.* S.M. READ, A. 
GOKMEN, B.G. GLAGOLA**, L. MCCULLOUGH and V.E. VIOLA, U. 
of Maryland .—In order to test models for the nucleosyrT 2 
thesis of Li, Be and B, cross section data for reactions 
of protons and alpha particles with 4 He, 12 C, 14 N and 16 0 
have been reviewed and systematic excitation functions 
for each system have been derived. New cross section 
measurements are also reported for the 4 He-induced re¬ 
actions on 12 C, 14 N, 16 0 and 20 Ne. The results have been 
used to calculate the yields of 6 Li, 7 Li, 9 Be, 10 B and 
1] -B produced via the following mechanisms: (1) cosmic 
ray interactions with the interstellar medium, (2) stel¬ 
lar .flare activity, and (3) shock-wave nucleosynthesis. 
From comparison of these calculations with experimental 
abundances, it is concluded that the cosmic-ray mechan¬ 
ism with an enhanced low-energy component can satisfac¬ 
torily account for 6 Li, 9 Be, 19 B and ^B. However, 7 Li 
is underproduced under most conditions by an order of 
magnitude. 

♦Work supported by the U.S. National Science Foundation 
and Department of Energy 
♦♦Present address: Argonne National Laboratory 

JF 2 Studies of (p,n) Reactions in Light Nuclei .* 

R.C. BYRD, R.K. MURPHY, C.E. FLOYD, P.P. GUSS R.L. WALTER, 
and S.A. WENDER, Duke Univ. and TUNL , and T.B. CLEGG, 
UNC-CH and TUNL .—Previous (p,n) reaction studies 1 of the 
light nuclei y Be, 13 C, and 1 *N have been extended to pro¬ 
vide more information about both the Lane model and com¬ 
parisons of the observables PY and Ay. Differential cross 
sections for 15 N(p,n) 15 0 reaction below 9.3 MeV have 
allowed an evaluation which requires the substantial re¬ 
normalization or rejection of several previously reported 
data sets. Measurements of the (p,n) analyzing power Ay 
for all three nuclei at energies in the 8-16 MeV range T 
have also been made using the new TUNL pulsed polarized 
proton beam. Results at the higher energies will be 
compared to new Lane model calculations, and resonance 
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results for P and A will be discussed in terms of the 
theory of Philpott and Halderson * 2 . 

* Supported in part by the U.S. Department of Energy. 

1 R.C. Byrd, Bull. Am. Phys. Soc. (1979) 814. 

2 R.J. Philpott and Dean Halderson, Phys. Rev. Lett. 43 
(1979) 1785. 

JF 3 Population of 1 Levels in the Fe( He,t) Co 
Reaction . E. SUGARBAKER, R. A. EMIGH, C. A. FIELDS, and 
P. A. SMITH, NPL,*Univ. of Colo.—Angular distributions 
for states below 4 MeV of excitation in 38 Co were measured 
for the 38 Fe( 3 He,t) reaction at 43 MeV. The distribution 
of 1+ strength observed in this reaction will be compared 
with that obtained in the 58 Ni(e,e'), 1 38 Ni(t, ^e) , 2 and 
5 °Fe(p,n) 3 reactions. The relative 1 + strengths of this 
( 3 He,t) study are in reasonable agreement with those of 
the (p,n) and (e,e') studies. Thus the discrepancy in 
the (t, 3 He) strengths remains unexplained. The angular 
distributions for additional levels will also be com¬ 
pared to DWBA calculations. 

* Supported in part by the USDOE. 

1 R. A. Lindgren et al., Phys. Rev. C 1A , 1789 (1976). 

2 E. R. Flynn and J. D. Garrett, Phys. Rev. Lett. 29 , 

1748 (1972). 

3 C. Wong et al., Phys. Rev. C 18, 2052 (1978). 

JF 4 Excitation of the First Two Excited 0 + States of 
28 Si Via Inelastic ^He Scattering at 25 MeV . J.L. ARTZ, 
Hamline Univ., D. DEHNHARD, H.P. MORSCH,* and T.K. LI,** 
Univ. of Minnesota .--We have analysed the differential 
cross sections measured previously 1 for inelastic 
scattering of 25 MeV 3 He to the 0 + states of 28 Si at 4.98 
and 6.69 MeV. The angular distributions for both states 
have shapes quite different from the regular diffraction 
patterns observed for 28si(a,a') at E a = 23.5 MeV. 

For the 4.98 MeV state the second diffraction maximum is 
suppressed by about an order of magnitude relative to 
expectations based on DWBA calculations and the (a,a*) 
data. In contrast, the 6.69 MeV state shows the largest 
( 3 He, 3 He') cross sections in the region of the suppressed 
maximum of the 4.98 MeV data. CCBA calculations were 
done with the code CHUCK. Two-step processes via the 
(3He,d, 3 He') and ( 3 He,a, 3 He’) reactions can account, in 
part, for these radically different shapes of the 4.98 
and 6.69 MeV state angular distributions.^ 

*Present address: Inst. f. Kernphysik, Jiilich, Germany. 
**Present address: Los Alamos Scientific Laboratory. 
iH.P. Morsch, J.L. Artz, D. Dehnhard, and T.K. Li, J.H. 
Williams Laboratory Annual Report 1975, Univ. of 
Minnesota, p. 68. 

JF 5 Alpha Elastic Scattering and the 208 Pb (ot f 3 He) 209 Pb 
Reaction'at 40, 60 and 80 MeV .* R. PERRY, N. S. CHANT, 

D. L. HENDRIE, A. NADASEN, and P. G. ROOS, U. of Maryland- 
Measurements were made of the 208 Pb(a, 3 He) 2uy Pb reaction 
at 40, 60 and 80 MeV concurrently with previously reported 
(a,t) data. 1 Angular distributions for several low-lying 
states have been obtained. Systematic analysis of the ot- 
elastic scattering data provided potentials with a smooth 
energy dependence of the volume integrals in excellent 
agreement with previous work. The transfer data are 
analyzed in the DWBA formalism, including finite range 
interactions. The sensitivity of the calculations to the 
distorting potentials and the energy dependence of the 
neutron spectroscopic factor are determined. Detailed re¬ 
sults of the analyses will be presented. 

♦Supported in part by the National Science Foundation. 

1 D. L. Hendrie, et al. , Bull. Am. Phys. Soc. 7A.< 847 (1979) 


jp 0 Alpha-Particle Breakup into Multiple Fragments .* 
R. W. KOONTZ, C. C. CHANG, H. D. HOLMGREN, and J. R. WU, 
U. of Maryland- Recent particle-particle coincidence 
measurements with two detector telescopes located at 
very forward angles have shown significant contribu¬ 
tions due to proton and deuteron projectile-like frag¬ 
ments in coincidence with projectile-like protons re¬ 


sulting from the bombardment of 58 Ni and 90 Zr with 140 
and 160 MeV a particles. Breakup involving multiple 
projectile-like fragments appears to account for approx¬ 
imately 30% of the breakup peaks observed in the in¬ 
clusive spectra. 

♦Supported in part by the National Science Foundation. 
^Current address: Oak Ridge National Lab, Oak Ridge, TN. 

JF 7 Proton Knockout Reactions on 16 0 and 40 Ca .* 

C. SAMANTA, N. S. CHANT, P. G. ROOS, A. A. COWLEY, A. 
NADASEN, and J. WESICK, U. of Maryland- Measurements 
have been made of 40 Ca(p,2p) and 16 0, 40 Ca(a,ap) re¬ 
actions at Ep=75 MeV and E a =140 MeV. The energy sharing 
distributions obtained for the dominant single hole 
states have been compared to DWIA calculations in an 
attempt to obtain a consistent proton single particle 
wave function from these two reactions which sample 
different radial regions of the nucleus. The validity 
of the factorization approximation and the sensitivity 
to bound state and distorting parameters have been in¬ 
vestigated. Results of these calculations and the 
absolute spectroscopic factors extracted will be 
presented. 

♦Supported in part by the National Science Foundation. 

JF 8 Inelastic Scattering of Tritons and 3 He at 23 MeV 
from 13c.* D. DEHNHARD, G. C. IDZ0REK, S. J. TRIPP, U^ 
Minnesota, RONALD E. BROWN, J. A. CIZEWSKI, E. R. FLYNN, 

C. L. MORRIS, LASL, and R. J. PETERSEN, U. Colorado .-- 
Angular distributions have been measured for inelastic 
scattering of 23 MeV tritons from 13c using the Tandem 
Van De Graaff facility at LASL. Data were taken for 
states up to 10 MeV excitation energy. Special emphasis 
was placed on the excitation of the state at 9.5 MeV 
since in inelastic pion scattering this transition has 
been observed to proceed as a pure neutron transition. 

The angular distribution indicates a large angular momen¬ 
tum transfer, consistent with the pion data. Differential 
cross sections for inelastic scattering of 23 MeV 3 He 
were also measured at a few angles. The ratios 
a(3He,3He , )/a(t,t') were found to be strongly state depen¬ 
dent. The experimental results are now being analyzed 
with the aid of DWBA and CCBA calculations to extract the 
isovector and isoscalar contributions to the transitions. 
*Supported in part by the U.S. Department of Energy. 

JF 9 The ~^C(^He,d)Reaction .* J. J. HAMILL and 
R. J. PETERSON, Univ . of Colo .--High resolution proton 
stripping data at a beam energy of 43.6 MeV have been 
taken to the levels of -^N up to an excitation of 12 MeV. 
The states at 8.909 and 9.509 MeV, listed as 3“;1 and 
2";1, are very strongly excited, while the 9.129 and 
9.386 MeV states, listed as 2~;0 and 2~,3”;0, are much 
weaker. The d 5 / 2 transfer to T=0 states is concentrated 
in the 5.106 MeV 2“ and 5.832 MeV 3” states. Good fits 
to DWBA predictions are obtained. Very small multistep 
excitations are claimed, since the 8.488 MeV 4” state 
is very weakly populated. 

* Work supported in part by USDOE. 

3 3 3, 

JF 10 Comparison of ( He,t) and ( He, He*) Yields to 
Analog States in A=13 .* R. J. PETERSON, J. R. SHEPARD, 

R. A. EMIGH, M. RAYMAN, T. G. MASTERS0N, Univ . of Colo ., 

D. DEHNHARD , Univ . of Minn .—Inelastic scattering and 
charge exchange at an energy of 43.6 MeV have been com¬ 
pared for the states near 9.5 MeV for which pion scatter¬ 
ing data 1 show a large isospin asymmetry. The 9.498 MeV 
state in 13 C has an angular distribution identical to 
that of the broad 8918 MeV 1/2” state in 13 N, demonstra¬ 
ting the analog nature of the states, but the charge 
exchange yield is 1.25±0.15 times the scattering yield, 
rather than the factor of two to be expected from iso¬ 
spin symmetry in the two reactions. This spin assign¬ 
ment by analogy is not consistent with the high spin 
noted from the angular dependence of the pion scattering 
data. Angular distributions for all levels in the 7-11 
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MeV region in ^ 3 N and have been compared, and DWBA 
predictions will be performed. 

* Work supported in part by USDOE. 

1 D. Dehnhard et al., Phys. Rev. Lett. 43, 1091 (1979). 

JF 11 Elastic Scattering of 88-MeV 6 Li from 197 Au , 
206,208pb . C.B. FULMER. F.E. BERTRAND. N.M. CLAkKF T * 

C.D. GOODMAN, E.E. GROSS, D.C. HENSLEY. G.R. SATCHLER, 

J. R. WU, Oak Ridge National Laboratory --As part of a 
study of elastic scattering of light heavy ions, 87.9 
MeV °Li scattering on targets of 197 Au, 206,208pb with 
a beam from the ORIC was measured. Position sensitive 
slice detectors 1 were used to obtain data efficiently 
at small angular intervals. By using two of the detec¬ 
tors 'v 70 angles were measured simultaneously. The 
data extend from * 8° to beyond 60° where d/ap is < 

10"4. The three angular distributions are similar with 
a/an having a value of about 1 at the most forward 
angles, rising to a peak value of * 1.25 near 16° and 
then falling exponentially to below 10~3 a t 50°. 
Preliminary optical model analyses with a Woods-Saxon 
form factor for the real potential yield good 
agreement, and results of analyses with both WS and 
folding model potentials will be presented. 

*Visitor from Wheatstone Laboratory, Kings College, 
London, U.K. 

+ 0perated by Union Carbide Corporation under contract 
W-7405-eng-26 with the U.S. Department of Energy. 

!r.W. Zurmuhle et al ., Phys. Rev. C 8, 2203 (1973). 

JF 12 6 Li + 39 K Elastic Scattering .* J. SZYMAKOWSKI, 

K. W. KEMPER, and A. D. FRAWLEY, Florida State U .—En- 
hancements at large angles have been reported for 6 Li 
scattering by 40 Ca. 1 ' 2 Measurements of 6 Li scattering 
by 39 K have been made to determine whether enhanced 
scattering also is observed for this neighboring nucleus. 
One complete angular distribution has been measured at 

34 MeV (lab) and excitation functions have been measured 
between 24 and 37 MeV (lab) at the three fixed angles 
156.3, 164.8, and 173.3 (cm). The angular distribution 
data are almost identical for 39 K and 40 Ca, with the 
39 K data also showing back angle enhancements. The 
angular distribution could be described using a double 
folding microscopic real potential with a force nor¬ 
malization of 0.6 as observed earlier 3 for 6 Li + 40 Ca. 

The results of other purely phenomenological calcula¬ 
tions will also be presented. 

*Work supported in part by the National Science Foun¬ 
dation. 

l R. I. Cutler et al., Phys. Rev. C15 , 1318 (1977). 

2 H. Bohn et al., Phys. Rev. C16 , 665 (1977). 

3 G. R. Satchler and W. G. Love, Phys. Lett. 76B , 23 
(1978). 

JF 13 Target-Mass Dependence of the Pre-Equilibrium 
(a,2ny) Reaction Mechanism .* C. A. FIELDS, F. W. N. DE 
BOER, R. A. RISTINEN, P. A. SMITH, and E. SUGARBAKER, 

Univ . of Colo .—Using an n-y coincidence system, exclu¬ 
sive spectra of outgoing neutrons from the 35 MeV (a,2ny) 
reaction have been measured for several targets with 
85 ^A ^208. Angular distributions of the outgoing neu¬ 
trons have also been measured. In each case, roughly half 
of the observed neutrons have energies above 4 MeV; pre¬ 
equilibrium processes thus dominate the (a,2ny) reaction 
at 35 MeV. After Q-value corrections are made, the ener¬ 
gy-centroid of the spectrum of pre-equilibrium neutrons 
is found to increase rapidly with increasing target mass 
(* A x ,x i 2). This result will be discussed in terms of 
phenomenological models of the reaction. 

* Work supported in part by the U.S.D.O.E. 

JF 14 Studies of the 4 He + 16 0 Reaction from 50-160 
MeV.* A ; . GdKMEN, H. BREUER, B. G. GLAC-0LA,** A. C. 
MIGNEREY, K. KWIATK0WSKI. University of Maryland .-- 
Mass, energy and angular distributions have been 
measured for all products with A>4 produced in reactions 


of 50-160 MeV 4 He ions with 16 0. Discrete mass identi¬ 
fication for all products with E^O.l meV/u was obtained 
using a channel plate fast-timing system; particle Z 
identification was also performed for fragments with 
E>1 MeV/u. Cross sections for all observed products 
are reported. At low bombarding energies the total 
reaction cross section is shown to involve fusion and 
two-body final state processes, whereas with increasing 
projectile energy multi body breakup reactions become 
increasingly dominant. The experimental data have been 
analyzed in terms of a sequential reaction model in 
which the target-projectile interaction is described by 
an intranuclear cascade-cluster code, followed by de¬ 
excitation via a Fermi breakup statistical calculation 
leading to multi body final states. 

*Work supported by the U.S. Department of Energy & NSF. 
**Present address: Argonne National Laboratory. 

JF 15 Analysis of Radiative Capture Reaction 
3 He( 4 He,y)7Be at Very Low Energies .* B. T. KIM and K. 
NAGATANI, Texas ASM U. —The radiative capture reaction 
3 He ( 4 He, Y) 7 Be at very low energies has been reanalyzed 
within the direct capture model^ in order to provide for 
the theoretical limit of the stellar reaction rate, for 
which a special interest has been revisited with a recent 
solar neutrino experiment. We first assume 3 He and 4 He 
nuclei as clusters which are moving in a phenomenological 
Woods-Saxon well. This potential is assumed to account 
for the elastic scattering at very low bombarding ener¬ 
gies, and for properties of the low-lying levels up to 
the resonant 4.6 MeV 7/2“ state in 7 Be. The total cross 
section and angular distribution due to capture from the 
£ = 0 - 3 partial waves by means of El, Ml and E2 transi¬ 
tions will be given. The limit of the energy-factored- 
out cross section at E c . m . = 0 MeV S(0) will be discussed. 
A microscopic description taking 3 He to be a three-nucleon 
system and a single alpha particle has also been studied. 
*Supported in part by the National Science Foundation. 

X T. A. Tombrello and P. D. Parker, Phys. Rev. 131 , 2582 
(1963). 

2 Reviews of the subject can be found in Brookhaven 
National Laboratory Report BNL 50879 (1978) . 

Supplementary Program 

JF 16 El and Ml Strength in the 40 Ca( 3 He,t) Reaction .* 

S. L. TABOR, Florida State U. and U. of Maryland , C. C. 
CHANG, M. T. COLLINS, G. J. WAGNER, and J. R. WU, U. of 
Maryland —Several interesting structures appear in the 
w CaT T He,t) 40 Sc spectrum at beam energies of 130 and 
170 MeV. One of these is a narrow state at 2.37 MeV in 
40 Sc which is strongly forward peaked, indicating an 
&=0 transfer. This level appears to be the analog of a 
1 + state at 10.319 MeV in 4 °Ca, which is excited by a 
strong Ml transition in inelastic electron scattering. 

A broad structure centered at about 12 MeV in 40 Sc ap¬ 
pears to be the analog of the giant dipole resonance 
built on the ground state of 40 Ca. Other broad struc¬ 
tures at somewhat lower excitation may represent Gamow- 
Teller strength. Results of DWBA calculations will be 
compared with the data. 

*Work supported in part by the National Science Foun¬ 
dation. 


I SESSION JG: NUCLEAR STRUCTURE: EXPERIMENT 
Thursday morning, 1 May 1980 

Rockville Room, Sheraton Washington Hotel at 9:00 A.M. 

G.E. Mitchell, presiding 

JG 1 Study of 12 C Levels with 183S y S20 MeV Using the 
11 B(h,d)' I2 C Reaction .* J. R. SHEPARD, R. A. EMIGH. R. J. 
PETERSON, T. G. MASTERSON, and M. D. RAYMAN, Univ . of 
Colo . , and N. S. P. KING, LASL—The HB(h,d)l' 2 ^Teaction 
at 43.6 MeV has been used to study lp-lh levels in 12 C 
at 18^E X ^20 MeV. In particular, we have attempted to 
identify the negative parity levels of primary configura¬ 
tion [po”?i (sd)]^- ,- . Two regions of large stripping 
strength nave been observed at E x ^18.4 and VL9.5 MeV. 
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The spectrum in the region of 19.5 MeV is quite complex 
and suggests that more than one ^-transfer is contribu¬ 
ting. Our results will be compared with recent (tt j^t') 
and (e,e T ) 2 measurements as well as the shell model cal¬ 
culations of Millener. 3 

* Work supported in part by USDOE. 

1 C. L. Morris et al., Phys. Lett. 86B, 31 (1979). 

2 J. Flanz, MIT-Bates, Ph.D. Thesis and private 
communication. 

3 J. Millener, private communication. 

JG 2 Lifetime of the 1.04 MeV State in 18 F.* 

J. KEINONEN, H.-B. MAK, P. SKENSVED, J.R. LESLIE, and 
W. McLATCHIE, Queen T s Univ . , Kingston, Canada. 1 "—The 
lifetime of the E =1.04 MeV (J 7T =0 + , T=l) state in 18 F 
has been measured to be 3.110.7 fs using the Doppler 
shift attenuation method through the 18 0(p,n) 18 F 
reaction. An 18 0 target implanted into Ta and a 
Compton suppressed Ge(Li) detector (fwhm = 2.0 keV at 
1.3 MeV and 18% efficiency) were employed in the 
measurements. Experimentally determined correction 
factors for the nuclear and electronic stopping powers 
and the Monte Carlo method were used in the deduction 
of the lifetime value. The present lifetime provides a 
firm ground for different theoretical predictions of 
the circular polarization of the 1.08(0 ,0)->0(l ,0) MeV 
transition as a test for neutral weak currents. 

*Submitted by H.C. EVANS. 

^Research supported by N.S.E.R.C. (Canada). 

JG 3 A High Resolution Study of The 29 Si(p,p) Reaction. * 

C. R. WESTERFELDT, R. O. NELSON, and E. G. BILPUCH, Duke 
Univ ersity and Triangle Universities Nuclear Laboratory and G. E. 
‘MITCHELL and K. B. SALES, North Carolina State University and 
TUNL.—The differential cross sections for 29 Si(p,p) and 29 Si(p,p') 
have been measured between Ep=1.3 and 3.3 MeV using the high 
resolution system of the 3 MV Van de Graaff at TUNL. The cross 
sections were measured simultaneously at four laboratory angles 
using thin Si (1 pg/cm 2 ) targets enriched to 95.28% evaporated 
onto thin carbon backings. Preliminary analysis shows evidence 
of approximately 60 resonances. The analysis is being carried out 
with a multi-level, multi-channel R-matrix based computer pro¬ 
gram. Resonance energies, spins and parities, elastic and inelastic 
widths, and approximate channel spin mixing ratios will be deter¬ 
mined for the observed resonances and compared with previous re¬ 
sults. 1 

* Supported in part by U. S. Department of Energy 

1 C. P. Poirier, J. Walinga, J. C. Manthuruthil, G. I. Harris, 

Phys. Rev. Cl_, 1982 (1970); J. W. Hemsky, S. C. Long, P. J. 
Wolfe, PhysTRev. C8, 192 (1972). 

JG 4 High Resolution Proton inelastic Scattering from 1=2 

Resonances in \7/* B.H. CHOU and G.E. MITCHELL, North 
Carolina State University and Triangle Universities Nuclear 

Laboratory' and C.R. WESTERFELDT and E.G. BILPUCH, Duke 

University and TUNL.—Angular distributions of inelastically 
scattered protons and of de-excitation y-rays were measured for 
80 d-wave resonances in the 48 TiCp,p'r) reaction, using the high 
resolution system of the TUNL 3 MV accelerator. 45 of the reso¬ 
nances were determined to have J 1 ^ 5/2 + , while 35 resonances 
were assigned 3/2 + . With a generalization of a technique 
previously described, 1 the magnitudes and relative phases of 
three decay amplitudes (s^, d 3 / 2 and d 5 / 2 ) were measured for 
the 5/2 + resonances. Striking non-statistical effects are ob¬ 
served. 

+ Submitted by G. E. Mitchell 

* Supported in part by U. S. Department of Energy 

1 A. M. Lane, T. R. Dittrich, G. E. Mitchell, E. G. Bilpuch, 

Phys. Rev. Letters 41^, 454 (1978); G. E. Mitchell, T. R. 

Dittrich, E. G. Bilpuch, Zeitschrift fdJr Physik A289 , 211 
(1979). 


JG 5 High Resolution Proton Elastic and Inelastic Scatter¬ 

ing on 56 Fe+* W. A. WATSON, III, E. O. BILPUCH, C. R. 
WESTERFELDT, Duke University and Triangle Universities Nuclear 
Laboratory and G. E. MITCHELL and K. B. SALES, North Carolina 
State University and TUNL.—Differential cross sections for the 
reactions 5o Fe(p,p) and 56 Fe(p,p') were measured at five angles for 
Ep=3.1 to 4.0 MeV with the TUNL FN tandem accelerator. The 
overall energy resolution was 425 to 500 eV. Over 320 resonances 
were observed, at least half of which are d-wave resonances. 

Angular distributions of de-excitation y-rays were measured for 
those d-waves with appreciable inelastic cross-sections, as well as 
for selected p-waves (a total of about 140 resonances). These y- 
ray data were of particular value in determining the j-value of 
the resonances. Excitation functions were analyzed with a multi¬ 
level, multi-channel R-matrix formalism. Analogues of the four¬ 
teenth (5/ 2”), and seventeenth through twentieth (9/2 , 5/2 + , 
3/2", 1/2") excited states of 57 Fe were identified, and tentative 
identifications suggested for the eleventh (3/2") and sixteenth 
(l/2 + ) excited states. Spectroscopic properties of these analogues 
will be presented. 

+ Submitted by G. E. Mitchell 

* Supported in part by U. S. Department of Energy 

JG 6 High Resolution Study of The 66 Zn(p,p) Reaction. + * 

K. B. SALES and G. E. MITCHELL, North Carolina State Univer¬ 
sity and Triangle Universities Nuclear Laboratory and E. G. BIL¬ 
PUCH and C. R. WESTERFELDT, Duke University and TUNL .—The 
reaction “ZnCp,?) was investigated between Ep-'2.60 and 3.26 
MeV using the high resolution system of the TUNL 3 MV Van de 
Graaff accelerator. The overall resolution was 325-400 eV. Reso¬ 
nance parameters were determined for 146 resonances including 
102 l/2 + resonances. The analogues of the 0.093 MeV (1/2") 
and 0,394 MeV (3/2") parent states in 67 Zn were observed at 
E p =2o82 and 3.14 MeV, respectively. Spectroscopic properties 
of the two analogue states will be presented and statistical pro¬ 
perties of the l/2 + resonances discussed. 

+ Submitted by G. E. Mitchell 

* Supported in part by the U. S. Department of Energy 
JG 7 

Charge Distribution Parameters of the Stable Ru and Pd 
Nuclei Deduced from Muonic X-Ray Measurements.* M. V. 
H0EHN, E. B. SHERA, H. D. WOHLFAHRT, Los Alamos Sci. Lab ., 
D. B. LAUBACHER, R. M. STEFFEN, Y. TANAKA, Purdue , and 
G. FRICKE, U. of Mainz --Recent muonic-atom investigations! 
of aN= 2 isotope shifts have revealed several interesting 
systematic features. In particular, the isotope shifts 
are largest at the beginning of a major neutron shell and 
become small just before a shell closure. The muonic x- 
rays of the stable Sr, Zr and Mo isotopes have recently 
been measured 3 at the SIN muon channel. This experiment 
reveals a sudden increase in the aN= 2 radius differences 
for Mo at N=56, a fact which suggests the existence of a 
significant shell closure at the end of the 2d$/2 shell. 

A recent systematic survey 3 of the energies of the 0 + , 2+ 
and 4 + states in medium-mass nuclei also suggests that a 
shell closure occurs at N=56, particularly in the vicinity 
of Z=40. Preliminary results from a LAMPF experiment, in 
which the muonic x-rays of the stable Ru and Pd isotopes 
are being investigated, will be discussed. 

*Work supported by the U. S. Department of Energy 
!e. B. Shera et al., Phys. Rev. Cl4 , 731 (1976). 

2g. Fricke et al., IC0HEPANS, Vancouver, B.C., August, 1979. 
3 J. Haderman and A. C. Rester, Nucl . Phys. A231 , 129 (1974) 

JG 8 136,1 383 a ( t>p ) anc | the Systematics of Neutron 

Pairinq Vibrations at N =82. E.R. FLYNN, J.A. CIZEWSKI, 
RONALD E. BROWN, AND J.W. SUNIER, Los Alamos Scientific 
Laboratory.--The 136,138Ba(t,p) reaction has been studied 
at Et = 17 MeV using a Q3D spectrometer. In addition to 
a thorough study of the spectra below E x = 5 MeV in both 
residual nuclei, the principal neutron monopole and quad- 
rupole pairing states were observed. These levels lie 
at 3.610 and 4.040 MeV, respectively. Their large 
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intrinsic strengths cause them to dominate the (t,p) 
spectrum with 44% of the total monopole harmonic strength 
lying in this single monopole state at 3.610 MeV. 

Combining these data with previous results on Ce and Nd 
isotopes at the N = 82 closed shell leads to a linear 
relationship between the two-neutron binding energies 
and the proton number. Predictions of pairing vibrations 
in other nuclei and proton-neutron phonon interaction 
strengths are possible from this relation. 

*Supported by U. S. Department of Energy 

JG 9 Coulomb Excitation Studies in 11 °Pd using 16 0 , 

58 Ni and 2uB Pb beams . L. HASSELGREN* *, J. SREBRNY, D. 
CLINE, T. CZOSNYKA, and C.Y. WU, Univ. of Rochester**, 

R.M. DIAMOND, F.S. STEPHENS, H. KORNER, D. HABS, LBLt , C. 
FAHLANDER, L. WESTERBERG and A. BACKLIN, Univ. of Uppsala , 
Sweden , C. BACKTASH, BNLf, G.R. YOUNG and H. SANG, MIT— 
Coulomb Excitation of 11 °Pd has been performed using 
beams of 48 MeV 16 0, 170 MeV and 190 MeV 58 Ni and 954 MeV 
208 Pb. The high efficiency detection technique used with 
16 0 allowed study of all known levels up to 1.7 MeV 
(probably 4"^). The 58 Ni data populated in addition, the 
8i state at 2.3 MeV and determined the E2/M1 mixing ra¬ 
tios for the 4*-*4+ and 2^2'| transitions. Combining the 
information gained from all three beams it has been pos¬ 
sible to perform a model independent analysis of B(E2)- 
values to excited states up to 2.3 MeV including the de¬ 
termination of relative signs of several interference 
terms and quadrupole moments of excited states. Incom¬ 
plete knowledge of the level structure above 2 MeV ren¬ 
der difficulties in a full utilization of all 208 Pb data. 

* 

^Permanent address: University of Uppsala, Sweden 
^Supported by the National Science Foundation 
Supported by the U.S. Department of Energy 

JG 10 Discrete Transitions Above 1 MeV in Er Nuclei . 

H. YAMADA*, D.C. HENSLEYf, M.L. HALBERT+, A.V. RAMAYYA*, 
C.F. MAGUIRE*, R.L. ROBINSONt, J.H. HAMILTON, D. G. 
SARANTITES++, R. W00DWARD++, I.Y. LEE+ and A. AHMED*. 
*Vanderbilt U. , iOak Ridge National Lab ., t fwashington _U. 
— Discrete bumps mainly from l58 Er (based on Ge(Li) 
spectra) were observed above 1 MeV with a 12.7xl2.7-cm 
Nal detector in coincidence with fast forward protons 
from the reaction 15l+ Sm( ll+ n,pxn) 187 ” x Er at 167 MeV. Ear¬ 
lier^ such fast protons were attributed to a massive 
transfer reaction. With the Y“ m ultiplicity technique to 
enhance high spins, the 5-fold spectrum shows bumps that 
correspond to the known backbending turning points in the 
moment of inertia (around spins 12h and 28fi) in 158 Er. 

In addition a bump at 1.2 MeV and possibly another at 1.8 
MeV are observed. Like the lower energy bumps, the 1.2 
MeV bump also may be associated with a bunching of y- 
ray energies which are related to a new backbending re¬ 
gion. If this interpretation is correct, the third back¬ 
bending in 158 Er occurs around spin 40ft on the assumption 
that the moment of inertia is 130 MeV” 1 . 

*Supported in part by US Dept, of Energy. 
tOperated by Union Carbide Corp. for the US DOE. 

1 H. Yamada et al., Phys. Rev. Lett. 43, 605 (1979). 

JG 11 (t,p) Reaction to Levels in ^Lu. * F. GIRSHICK, 

K. KRIEN, R.A. NAUMANN, Princeton U. ; J.A. CIZEWSKI and 
E.R. FLYNN, L.A.S.L., Los Alamos, NM ; T. NAIL and R.K. 
SHELINE, Florida St. U., Tallahassee, FL ; R.G. LANIER, 
G.L. STRUBLE, L.G. MANN, L.L.L., Livermore, CA. -- The 
(t,p) reaction is used to investigate levels in the odd- 
odd, deformed rare-earth nucleus ^^Lu. This reaction 
selectively populates very few states. Four of them, 
on the basis of their energy spacings and L-transfer 
values, can be interpreted in terms of a rotational band 
built on the Err 7/, u7/2“(5l4) ]j(_y configuration. 

The Q-value to the band head is 4.482 ± 0.005 MeV; the 
rotational constant for this band is similar to that 
of the 176 l u ground state. Another state, 1.231 MeV 
above this band head, is rather strongly excited with 
the characteristic L.= 0 angular distribution. This 
level could be a (3-vibrational state. 


( SESSION Jl: SOLAR ENERGETIC PARTICLES AND GAMMA 
RAYS 

Thursday morning, 1 May 1980 

Richmond Room, Sheraton Washington Hotel at 9:00 A.M. 

L.M. Sung, presiding 

JI 1 High Resolution Measurements of Solar Flare Mg 
and Si Isotopes* . J.D. SPALDING, R.A. MEWALDT, E.C. 
STONE, R.E. VOGT, California Institute of Technology, 
Pasadena, CA -- The individual isotopes of ~12 to ~ 30 
MeV/nucleon Mg and Si nuclei have been resolved during 
the large solar flare event of 9/23/78. The observations 
were made with the Caltech Heavy Isotope Spectrometer on 
ISEE-3. We have previously reported that the 11 - 26 
MeV/nucleon 22|\j e /20Ne ratio in this flare was signifi¬ 
cantly greater than that observed in the solar wind 
during the Apollo missions, which suggests the possibil¬ 
ity of a mass-dependent selection mechanism in either 
the solar wind or solar flare acceleration process. 

The Mg and Si measurements reported here, combined with 
our C and 0 results reported earlier, place limits on any 
mass-dependent selection effects during solar-flare 
acceleration, and thereby allow solar particle observa¬ 
tions to be related more directly to the composition of 
the Sun. 

*This work has been supported in part by the National 
Aeronautics and Space Administration under contract 
NAS5-20721 and grant NGR 05-002-160. 


JI 2 A Test to Separate Coronal Injection and Inter¬ 
plane ta 

McGUIRE , NASA/GSFC and M. SCH0LER**, B. KLECKER**, MPI_ 
GARCHING- -0ur ability to separate coronal injection pro¬ 
files from interplanetary propagation effects has been 
investigated using the predictions of two different 
interplanetary transport models to analyze multiple 
spacecraft observations (Helios 1, 2, and IMP 8) of a 
number of flare associated particle events. The solar 
flares selected include measurements by two spacecraft 
well connected to the flare region, along the same 
magnetic field line but at different radial distances, 
and at the same radial distance but at different helio¬ 
longitudes. The observations include energy spectra 
1-200 MeV/N, time intensity profiles and time aniso¬ 
tropy profiles. One interplanetary transport model is 
based on the theory of focused diffusion (Earl, 1976). 
The other uses a solution of the full transport equa¬ 
tion including the effects of corotation and changes 
in solar wind velocity (Scholer, 1977). 

*Also, U. of Maryland, College Park, MD 
**Max-Planck Institute, Garching, West Germany 


JI 3 Elemental Composition of Solar Energetic Nuclei , 
September 1977 to May 1978* . W.R. COOK, E.C. STONE, 

R.E. VOGT, California Institute of Technology, Pasadena, 
CA -- Using the Cosmic Ray Subsystem (CRS) on the 
Voyager 1 and 2 spacecraft, we have measured the elemen¬ 
tal composition and energy spectra (5-15 MeV/nucleon) 
of energetic nuclei with nuclear charge 2 £ Z ^ 28 from 
seven major solar energetic particle (SEP) events. 
Focusing on the four SEP events with approximately energy 
independent abundances we find that (1) the average SEP 
abundances differ significantly from those of the photo¬ 
sphere but are similar to abundances in the solar wind 
and to some coronal measurements, suggesting that the 
average SEP composition may reflect that of the corona, 
and (2) the deviations of the SEP abundances from their 
four flare average values were, in each of the four 
events, roughly monotonic functions of Z, except for 
helium. 

*Supported in part by the National Aeronautics and Space 
Administration under contract NAS7-100 and grant NGR 
05-002-160. 


*Work supported in part by the U.S. Dept, of Energy. 
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JI4 Solar Flare Composition Observations . 

T. T. von ROSENVINGE, R. E, McGUIRE’and D. V. REAMES, 

























NASA/GSFC— We have previously reported on charge 
composition observations during the September 23, 1978 
flare made using the ISEE-3 spacecraft. The Fe/0 and 
0/He ratios were both observed to decrease significantly 
during the course of the event. We present results 
from additional flares up until October, 1979. We will 
attempt to evaluate the hypothesis that the observed 
variations are due to a rigidity dependent diffusion 
coefficient combined with only partial electron strip¬ 
ping as proposed by Scholer et al. (JGR, £F3, 3349, 1978), 

*Also, U. of Maryland, Dept, of Physics & Astronomy, 
College Park, MD 20742 

JI 5 Heav v-Element Enhancements and He 3 -Rjch Events, . 

D. V. REAMES, T. T, von ROSENVINGE and R, E. McGUIRE , 
NASA/GSFC--We report on systematic studies of the abun¬ 
dances of 2-3 MeV/nucleon particles observed on the 
ISEE-3 spacecraft during the 1978-1979 time period 
Special emphasis is placed on examination of the He' 3 - 
rich events to establish the extent of correlations 
with enhancements or depletion of 0, Fe and C during 
these events. An attempt is made to understand the 
observed composition in terifis of charge states in the 
acceleration region and results are compared with the 
Fisk model for He 3 -rich flares. 

*Also, U. of Maryland, Department of Physics and 
Astronomy, College Park, MD 20742 

JI 6 Time Dispersion and Energy Dependence of Heavy 
Ion Fluxes in Solar Energetic Particle Events*. 

H. WEISS and G.M. MASON, U, of Maryland— The propagation 
of heavy ions in the interplanetary medium has been 
known to be both charge and energy dependent. However, 
because only a limited number of solar flare events has 
been analyzed, the systematic characteristics of these 
charge and energy dependences remain unclear. We 
present preliminary results of a general survey of solar 
energetic particle events using the particle data from 
the University of Maryland/Max Planck Institut ULET 
experiment on IMP-8. Special attention has been placed 
on time dispersion effects observed in the heavy ion 
differential spectra and relative abundances for ener¬ 
gies between 0.6 to 6 MeV/nucleon. We will discuss the 
implications of the survey results as they relate to 
solar abundances and propagation effects in the inter¬ 
planetary medium. 

^Supported in part by NASA under contract NAS5-11063 
and grants NGR 21-002-224 and NGR 21-002-316, and the 
German Government. 

JI 7 A Reassessment of Energetic Nucleon Spectra in 
Corotatinq Streams. R. E. McGUIRE*, M. A. I. VAN 
HOlLEBEKE , F. B. McDONALD and T. T. von RQSENVINGE, 
NASA/GSFC— Several groups have recently published con¬ 
flicting observations on the relative shapes and slopes 
of proton, alpha and heavier ions in corotating ener¬ 
getic nucleon streams. Because the question of rela¬ 
tive spectral shapes is potentially important in deter¬ 
mining what sources and acceleration mechanisms act in 
these streams, we have undertaken a careful and com¬ 
prehensive review of the Goddard data. From this 
review, we conclude (1) proton, alpha, and heavier 
ion fluxes are substantially better fit by differential 
spectra of the form (dJ/dE)/v2 = a exp(-v/v 0 ) than by 
dJ/dP = A exp(-P/P 0 ) (v = velocity, P = momentum/ 
nucleon, E = energy/nucleon); (2) the ratio of proton 
to alpha characteristic velocities v 0 is 1.14 with 
variance 0.06 in a survey of events between 1973 and 
1976; (3) CN0 spectra are significantly steeper than 
proton spectra in most events. We will also examine 
the evolution and correlations with position in the 
corotating streams, and we will further comment on 
interpretations of the above results. 


*Also, U. of MD, Dept, of Phys. & Astron. 


JI 8 On the Conservation of the First Adiabatic Invar¬ 
iant in Perpendicular Shocks* ! M. PESSES and D. EICHLER, 
Univ. of Maryland — Numerical simulations have shown 
that the first adiabatic invariant (magnetic moment) is 
conserved for particles transmitted by perpendicular 
magnetosonic fast mode shock waves. These results are 
apparently not explainable by adiabatic theory but are 
accounted for by the conservation of angular momentum. 

1 Supported in part by NASA under grant NGR 21-002-224. 

* submitted by G. Mason 

JI 9 Efficient Particle Acceleration in Extreme 
Flare-Induced Shocks* D. EICHLER and M. PESSES, Univ. 
of Maryland — It is pointed out that the strongest 
of the interplanetary shock waves observed during 
the Aug. 1972 flare activity produced cosmic rays 
with an efficiency of order unity. This is consistent 
with the self-regulating injection shock acceleration 
model. Most flare induced and corotating shocks, how¬ 
ever, do not have a large enough compression ratio to 
be this efficient, even if there is free injection. 

* submitted by G. Mason 

JI 10 Coronal Structures without a Magnetic Field * 

M. A. CROSS, Grambling U . and J. A. JOHNSON III, 

Rutgers U . —It is believed that structures in the 
atmosphere of the sun are controlled by the background 
magnetic field. We show that coronal streamers can be 
formed without a magnetic field. If theta dependence 
is kept in the Navier-Stokes equations for the solar 
wind, then a density enhancement will grow. This growth 
is followed in the non-linear equations until a streamer 
is formed. Viscosity stops the streamer's growth when 
there is a large difference in speeds inside and outside 
of the streamer. The viscosity needed to reproduce 
observed streamers is compared with the classical 
viscosity. 

*Supported in part by NASA grant 

JI 11 Gamma-Ray and Optical Observations of the 
19 October and 8 November 1979 Solar Flares . G.R. 
RIEGLER, A.S. JACOBSON, J.C. LING, W.A. MAHONEY, 

W.A. WHEATON, J.B. WILLETT, Jet Propulsion Laboratory , 
California Institute of Technology , Pasadena, Ca., and 
H. ZIRIN, California Institute of Technology , Pasadena, 
Ca. - Portions of the Csl anticoincidence shield of 
the C—1 gamma-ray spectrometer on the High Energy 
Astronomy Observatory HEAO 3 are oriented towards the 
sun at all times. The C-l experiment, which has been 
operating since launch in September 1979, was in the 
sunlit portion of the orbit during the M9 solar flare 
at 04h 19m on 19 October 1979 and the XI solar flare 
at llh 22m on 8 November 1979. The shield, sensitive 
to gamma rays above 100 keV, recorded strong signals 
in coincidence with the optical flares (the 8 November 
flare was recorded by the Caltech Solar Patrol Camera 
in Tel Aviv, Israel). Data for these two flares will 
be presented and interpreted in terms of current models 
for solar flares. 

i 

JI 12 The SMM Gamma Ray Spectrometer - Initial 
Performance and Calibration. D.J. FORREST, E.L. CHUPP, 
J.M. RYAN, and M.L. CHERRY, U. of New Hampshire* , C. 
REPPIN, E. RIEGER, K. PINKAU, and G. KANBACH, MPI 
(Garching, FRG) , G. SHARE, R.L. KINZER, J.D. KURFESS, 
and W.N. JOHNSON, Naval Research Lab .-The spectrometer 
on the recently launched SMM Gamma Ray Experiment^ - has 
as its objective the detailed measurements of the solar 
gamma ray continuum and nuclear lines in the nuclear 
transition region. The seven element Nal scintillator 
spectrometer covers the 0.3 to 9 MeV energy region with 
a 16 second time resolution. The initial operational 
performance, calibration, and observed background rates 
will be presented together with observed spectra taken 
during active solar periods. The measured inflight 
behavior will allow us to predict the instrument's 
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flux sensitivity and its capability for studying 
nuclear line broadening and Doppler shifts. 

*Work supported by NASA Contract NAS 5-23761. 

1 D.J. Forrest, E.L. Chupp, J.M. Ryan, M.L. Cherry, I.U. 
Gleske, C. Reppin, K. Pinkau, E. Rieger, G. Kanbach, 
R.L. Kinzer, G. Share, W.N. Johnson, and J.D. Kurfess, 
To be published in Solar Physics, 1979 . 

JI 13 Solar Gamma Ray Line Observations on the SMM 
Satellite - Preliminary Flux Results . E.L. CHUPP, D.J. 
FORREST, J.M. RYAN, and M.L. CHERRY, U. of New 
Hampshire* , C. REPPIN, E. RIEGER, K. PINKAU, and G. 
KANBACH, MPI (Garching, FRG) , G. SHARE, R.L. KINZER, 

J.D. KURFESS, and W.N. JOHNSON, Naval Research Lab.- 
The gamma ray spectrometer on the recently launched 
SMM satellite is intended to further the study of 
gamma ray line production in association with solar 
flares. Observations in 1972 on 0S0-7 1 and in 1978 on 
HEAO-1 2 have demonstrated the importance of making solar 
associated gamma ray observations in order to directly 
probe the behavior of the solar flare accelerated non- 
thermal ions. Several other cases have been observed 
with low resolution instruments in which MeV photons 
and possible line emissions were emitted from the Sun. 
Using data obtained from the initial SMM gamma ray 
observations and previous data, we relate the intensity 
of gamma ray line emission to other observable solar 
flare emissions. 

*Work supported by NASA Contract NAS 5-23761. 
l E.L. Chupp et al.: Nature 241 , 333 (1973). 

2 H.S. Hudson et al.: Bull. Am. Astron. Soc. _10, 516 
(1978). 


Supplementary Program 

JI 14 The Spectrum of Energetic Particles at the Earth's 
Bow Shock* D. EICHLER, Univ. of Maryland — The spectrum 
of electric ions produced by shock acceleration at the 
earth's bow shock is calculated assuming that the main 
escape route is cross-field diffusion to field lines not 
connected to the shock. It is shown that the spectrum is 
an exponential in the quantity §(D„ D x )^'^(u sw R c ) -1 where 
D„ and D ± are the parallel and perpendicular diffusion 
coefficients, u gw is the solar wind velocity, R c is the 
radius of curvature of the shock, and § is a dimension¬ 
less number of order unity. As the quantity (D„ D,)V2 
scales as energy per charge under extremely general 
assumptions, the results are in excellent agreement with 
both spectral and compositional observations by ISEE-I. 

* submitted by G. Mason 

JI 15 Are Enhancements of Heavy Element Abundances at 
Low Energies Typical in Solar Particle Events?* . W.R. 
COOK, R.A. MEWALDT, E.C. STONE, R.E. VOGT, Caltech - 
Early solar energetic particle measurements using plastic 
and glass track detectors found that the relative abun¬ 
dance of heavy elements such as Fe at low energy (< 10 
MeV/nuc) was always significantly enhanced over that at 
higher energiesl. In contrast, a recent study of satel¬ 
lite data over four years found the average composition 
near 1 MeV/nuc to be similar to that at ^ 10 MeV/nuc. 

Using the Cosmic Ray Subsystem (CRS) on the Voyager 1 
and 2 spacecraft, we have measured the elemental compo¬ 
sition (2 ^ Z <; 28) and energy spectra of solar ener¬ 
getic particles from 3 to 30 MeV/nuc over a number of 
events in the 9/77 - 5/78 period. We discuss the energy 
dependence of the composition observed in individual 
flare events versus that of fluxes integrated over the 
major events in the full time period. 

^Supported in part by NASA under contract NAS7-100 and 
grant NGR 05-002-160. 

!See e.g. H.J. Crawford, P.B. Price, B.G. Cartwright and 
J.D. Sullivan 1975, Ap.J ., 195 , 213. 

2G.M. Mason, D. Hovestadt and G. Gloeckler 1979, Proc . 

16th Inti. Cosmic Ray Conf . 110. 


( SESSION JJ: SEMICONDUCTORS AND INSULATORS 
Thursday morning, 30 April 1980 

Alexandria Room, Sheraton Washington Hotel at 9;00 A.M. 

H.P.R. Frederikse, presiding 

JJ 1 Dynamic Negative Resistance in High Intensity 
Solar Cells . F.' C. Jain, U. of Connecticut—Recently 
we have presented! theoretical analysis and experi¬ 
mental verification of a significant photoinductive 
component originating in the conductivity modulated 
base region of p-n junction solar cells operating 
under relatively high incident radiation flux density. 
Further analysis has predicted the presence of an 
appreciable a.c. negative resistive component in the 
conductivity modulated base region under certain condi¬ 
tions. The magnitude of the negative component has 
been found to be dependent on the device parameters 
including minority carrier lifetime, operating fre¬ 
quency, wavelength and intensity of incident radiation. 
Experimental efforts are being made to explicitly ob¬ 
serve the negative resistance behavior by minimizing . 
the effect of series resistive components contributed 
by other regions of the device including ohmic contacts, 
junction, and the relatively less illuminated section 
of the base region. 

1. F. C. Jain, J. Appl. Phys. (to be published). 

JJ 2 Theory of the Response of Schottky- 

Barrier Diodes to Surface Plasma Waves. A.S. 
KARAKASHlAN, U.Lowell S—Maxwell's equations 

plus boundary conditions have been applied 
to the Schottky diode assuming surface plasma 
wave (SPW) solutions for the fields. The model 
for the diode consisted of a thin metal film 
deposited on an n-type semiconductor substrate 
with a thin depletion layer at the metal- 
semiconductor junction. The resulting bound¬ 
ary-value problem was solved for the disper¬ 
sion relation and field amplitude ratios of 
the SFW in the diode. The frequency dependence 
of the photocurrents in the depletion layer 
and the semiconductor region were derived 
using the SPW fields and dispersion relation, 

^Supported by NSF Grant ENG-7901641 

JJ 3 Resonant Light Scattering in GaAs at the 
E 0 Gap . J. C. W00*,"D. HEIMAN, and Y. B. KIM, 

University of Southern California —Resonant 
photoluminescence of GaAs was studied by excita¬ 
tion near the E 0 direct gap at 1.52 ev. Experi¬ 
ments were performed at liquid helium tempera¬ 
tures on high-purity (N A +N D ~10l4 cm" 3 ), 10ym 
thick epitaxial layers grown by chemical vapor 
deposition. The sample was excited by a cw dye 
laser operating with oxazine-750 dye and had a 
linewidth of .02 mev. The scattered light was 
analyzed by a double-grating spectrometer and a 
Fabry-Perot interferometer. Resonant polariton 
luminescence was observed by scanning over the 
Is exciton. Spectra resulting from both ther¬ 
mal!' zed and nonthermalized polariton distribu¬ 
tions were observed and analyzed by taking 
into account density of polariton states and 
reabsorption of radiation. In addition, reso¬ 
nantly enhanced scattering from acoustic and 
optic vibrational modes was studied. 

*Visiting from Seoul National University under 
SNU/AID Program. 

JJ 4 Imagine in Hgl 2 Films . C.C. COLEMAN, G. POLLOCK* 
and B. COLE, California State University. Los Angeles — 
Photographic images have been obtained using thin films 
of Hgl^ for the first time. Amorphic films were pro¬ 
duced By evaporation at 60 torr from a source at 358°K 
onto a glass substrate maintained at ISS^K. Images were 
obtained using visable light of 2.5mw/cm intensity 
while maintaining the sample at a temperature of 374°K. 
Best results occur with excitation just above, the band 


598 

























gap. The resolution of images was at least aj good 
as those using Pb^ films with UV excitation. The 
process appears to be a photon induced sublimation of 
portions of the film rather than a decomposition or 
change in index of refraction. The effect is confined 
to the surface of the film. We have observed an add-on 
image due to this effect. 

* Now at the Jet Propulsion Lab, Pasadena. 

1. M.R. Tubbs, Phys. Stat. Sol. (b) 49, 13 (1972). 

JJ 5 

The j-j Coupling In Bound Excitons In the 

Effective Mass Approximation * D.S. PAN, 

University of California Los Angeles, The j-j 
coupling of two holes in the bound excition - 
neutral acceptor complexes in semiconductors 
with diamond or zinc blende structure is in¬ 
vestigated in the effective mass approximation 
(EMA) for the first time. We find that our 
model is in agreement with the experimental 
data for excitons bound to Zn in GaAs, InP. 
and GaP. The splitting mechanism is the 
mutual scattering of two holes between s 
obitals and d orbitals in the EMA. We be¬ 
lieve that the experimental data for shallow 
acceptors in Si and deep acceptors in GaAs, Si, 
and GaSb cannot be explained in the EMA. 

* Supported by NSF DMR 78-05783 

JJ 6 Observation of Ultrasonic dc Level in Single 
Crystal Germanium . WILLIAM P. WINFREE* and 
JOHN H. CANTRELL, JR., NASA Langley Research Center .-- 
The solution of the nonlinear differential equation which 
describes the behavior of a finite amplitude initially 
sinusoidal ultrasonic wave propagating in a nonlinear 
solid medium contains a static dc term in addition to 
the well-known harmonic terms. This static displacement 
has been predicted theoretically to be proportional to 
the squares of the amplitude of the driving wave and the 
ultrasonic frequency. We report the first experimental 
observation of the static displacement in a solid (<111> 
direction of single crystal germanium)and find agreement 
with the theoretical predictions. We also discuss the 
implications of the static displacement to measurements 
of higher order elastic constants. 

^National Research Council Resident Research Associate 

JJ 7 Effects of Stained Carbon-Carbon Bonds on the 
Electronic Structure of Polyacetylene . C. T. WHITE, 

Naval Research Laboratory —Experimental evidence accumu¬ 
lated over the last several years indicates that pristine 
trans -(CH) is semiconducting as opposed to metallic due 
to a PeierJs distortion. Starting from this viewpoint we 
have investigated within the framework of a tight binding 
model the effects of strained carbon-carbon bonds on the 
electronic structure of the ideal system. It is found 
that weakened double carbon-carbon bonds and strengthened 
carbon-carbon single bonds will always produce localized 
states in the semiconducting gap of (CH) x . These results 
lead one to expect, e.g. that carriers introduced at the 
top of the valence band through doping will be unstable 
toward the formation of small polarons or bijJolarons and 
the compatibility of the resultant picture with a large 
amount of experimental data will be discussed. Further¬ 
more, it is pointed out how such effects can produce a 
strong nonradiative component for electron-hole recom¬ 
bination in this system as well as generate numerous 
metastabilities. Finally, I explore how polaron/bi- 
polaron.formation could represent an initial stage of 
soliton formation in the lightly doped system. 

%. P. Su, J. R. Schrieffer and A. J. Heeger, Phys. Rev. 
Lett. 42, 1698 (1979). 

jj 8 Boundary Condition Characterization of Ce +4 Hole 
Injecting Contacts for Crystalline Anthracene . 

Y. Solowiejczyk, W.W. Weston, C.E. Swenberg and M. Pope, 
New York University, Radiation and Solid State Labora¬ 
tory. —The current-voltage (J-V) and total charge-volt- 
age (Qtot~ v ) characteristics for insulating crystalline 


anthracene are calculated using ohmic contacts described 
by the following boundary conditions: (a) finite and 
constant charge reservoir and (b) finite thermionic in¬ 
jecting current contact. Comparison with Pope and 
Weston'sO) (J-V) and (Qtot" v ) measurements on crystal¬ 
line anthracene fitted with a hole injecting Ce + 4 con¬ 
tact indicate that a finite thermionic injecting current 
best describes the boundary condition at the insulator- 
contact interface. 

*Work supported in part by Department of Energy grant 
for the New York University Radiation and Solid State 
Laboratory 

(1) M. Pope, and W.W. Weston, Mol. Cryst. and Liq. Cryst. 
25, 205 (1974). 


JJ 9 Abstract withdrawn. 

jj 10 Electron Localization and Delocalization in the 
Backward Scattering Model .* E. BERKCAN and L. N COOPER, 
Brown U . —Electron localization and delocalization in the 
backward scattering model with impurities is studied using 
techniques developed in earlier vork.(l) The gaps and the 
range in which they exist are calculated. The problem can 
be related at a formal level to a (1 + 1)-dimensional 
quantum field theory with internal SU(2) symmetry. We 
believe this can be extended to (2 + l)-dimensional sys¬ 
tems. A similar equivalence holds true in the study of 
2Uy and 4k p instabilities in quasi-one dimensional systems. 

^Supported in part by The Materials Research Laboratory, 
Brown University. 

(1) Ertugrul Berkcan, Birger S. Stolan and Leon N Cooper, 
Phys. Rev. B17, 3624 (1978) 

Ertugrul Berkcan and Leon N Cooper, J. Less Common 
Metals 62, 349 (1978) 


Observation of Acceptor-Conduction Band Direct Tran¬ 

sitions in Silicon. O.L. Russo, New Jersey Institute of 

Technology .-It is shown from experimental data that 

the values of the optical constants for doped p type 
silicon differ signficantly from single crystal silicon. 
Curves of the optical constants for silicon indicate that 
direct transitions between the conduction and valence 
bands occur near 5000 A (approximately 2.5 ev) with a 
change in slope near this wavelength being distinctly 
more pronounced for the heavier doped silicon material. 

In addition, the heavier doped silicon exhibits a ten¬ 
dency toward peaking near 5250 A which is not manifest 
in the curve for lightly doped silicon. This peaking 
appears to be caused by direct optical transitions be¬ 
tween the acceptor levels and the conduction band. The 
condition does not occur for the lightly doped silicon 
because of the relatively low impurity density. Pre¬ 
cautions were taken to insure an oxide free surface 
condition. 

JJ 12 Observation of Time Dependent Specific Heat of 
Magnetic Impurities in Glass . M.T. LOPONEN, R.C. DYNES, 
and V. NARAYANAMURTI, Bell Laboratories .—The diffusion 
of heat pulses through Pyrex glass #7740, doped with 
magnetic (Fe) impurity spins, has been studied from 
3.5K down to 0.1K and the time dependent heat capacity 
determined. At a propagation length of 1 mm the speci¬ 
fic heat of undoped glass is observed, although at the 
lowest temperatures it is several orders of magnitude 
smaller than the long time (dc) specific heat.-'- At a 
propagation length of 23 mm, corresponding to about 500 
times longer time scale, the magnetic spins are partly 
coupled to the heat pulse, slowing the diffusion. Below 
0.4K the data can no more be described with a simple 
diffusion constant. The pulse is separated into two 
components, the first rapid part being due to phonons 
propagating without interacting with the magnetic spins. 
This experiment confirms the feasibility of the heat 
pulse technique in studies of time dependent heat capa¬ 
cities. In agreement with earlier results, we do not 
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observe the decoupling of phonons from the proposed 
"tunneling states". 

1. R. C. Zeller and R. 0. Pohl, Phys. Rev. B 4_, 2029 
(1971). 

JJ 13 Evidence of Chemical Ordering in (GeSe 2 ) x 
(GeTe 2 ) 1 ^ Glasses". W. BRESSER, E. MAKOWSKI and 

P. BOOLCHAND, University of Cincinnati .—Bulk glasses in 
the composition range 0.4<x<0.95 and a sputtered glass 
at the composition x=0 have been examined using DSC and 
125 Te Mossbauer Spectroscopy. Tg's of the bulk glasses 
prepared, are in excellent agreement with those reported 
in literature.^ The 125 Te QS as a function of 'x' show 
a monotonic increase from 7.58(2) mm/s at x=0 to 
10.32(2) mm/s at x=0.95 with changes in slope occurring 
at x=0.50 and x=0.75. At these compositions, the line- 
width narrows to values characteristic of GeTe 2 and 
GeSe 2 glasses. These data are suggestive of glassy 
chemical ordering a x=0.5 and 0.75, where presumably 
Ge has 2Te and 2Se near neighbors, and lTe and 3Se near 
neighbors, respectively. The IS are typically + 0.28 
mm/s and are suggestive of substantial 's' participation 
of Te orbitals in bonding with its two Ge neighbors. 

The line narrowing most likely is the result of a 
better defined value of the Ge-Te-Ge bond angles at the 


preferred compositions. 

1 D. J. Sarrach et al, JNCS 2^2, 245 (1976) . 

JJ 14 

Weathering of Tektites.* P. H. LAMARCHE, Yale Univer- 
sity, W. A. LANFORD, S.U.N.Y. at Albany , and F. RAUCH, 
University of Frankfurt. -- In an attempt to study the reaction 
between water and tektites, a single large Indochinite was 
fractured into many pieces which were subsequently placed in 
water at 90OC for various lengths of time. The amount of 
hydrogen on or near the surface of these pieces was then mea¬ 
sured using a nuclear resonant reaction technique. The exper¬ 
imental procedures were the same as used in the study of the 
reaction between water and other silicate glasses such as ob¬ 
sidians and soda lime glasses. 1» 2 Unlike these other glasses, 
little hydrogen is incorporated into the tektite material. Ex¬ 
amination under a scanning electron microscope indicated that 
at 90°C the water is dissolving the surface at a rate of 9 x 
UT 11 cm/sec. 

* Work supported by USDOE Contract No. EY-76-C-02-3074. 

1 W.A. Lanford, et al ., J. of Non-Crys. Sol. j33 (1979) 249. 

2 W.A. Lanford and T. Laursen, Nature 276 (1978) 153. 


( SESSION KA: SYMPOSIUM OF THE DIVISION OF NUCLEAR PHYSICS: NUCLEAR CONTINUUM SPECTRA AT INTERMEDIATE 
EXCITATION ENERGIES 

Thursday afternoon, 1 May 1980; Washington Room, Sheraton Washington Hotel at 2:00 P.M.; J. Moss, presiding 

KA 1 Systematics of and Mechanisms Leading to Excitation of the Continuum in Proton-Nucleus Reactions.* 

P.P. SINGH, Indiana University. (30 min.) 

Many features of the proton-nucleus interactions, which lead to excitation of the continuum, 
are derived from a variety of measurements such as (a) inclusive production of discrete y-rays 
and their multiplicities, (b) recoil ranges of product nuclei, (c) inclusive energy spectra 
of charged particles, and (d) energy spectra of charged particles in coincidence with discrete 
Y-rays. The measurements span proton energy range of 20 to 200 MeV. The results are used to 
piece together information about (i) processes through which the incident energy is dissipated 
and linear and angular momenta are transferred, (ii) relative roles of quasi-free cascade of 
interactions as compared to collective inelastic excitation, and (iii) the energy dependence 
of various mechanisms. For example, it is deduced that (1) up to about 40 MeV incident energy 
projectile fusion followed by evaporation is the dominant mechanism, (2) non-fusion processes 
set in rapidly after 40 MeV and progressively greater fraction of the incident energy is 
transported out through emission of high energy particles, (3) in 80 to 200 MeV energy range 
the average nuclear excitation energy, after equilibration, increases slowly at a rate of 
about 1 MeV per 7 MeV of incident energy, (4) the shape of the inclusive proton energy spectra 
does not show a significant quasi-free peak, even as high as 160 MeV bombarding energy, and 
(5) collective inelastic scattering has an important role in excitation of the nuclear con¬ 
tinuum. Comparison of various observed quantities with those predicted by the cascade.and the 
hybrid exciton models will be presented. 

*Work supported by the National Science Foundation. 


KA 2 Principal Mechanisms of Light Ion Reactions.* H.D. HOLMGREN, University of Maryland. (30 min.) 

Inclusive spectra resulting from light-ion induced reactions at incident energies above 50 MeV 
show that the particle yields are dominated by continuum spectra, 1 with less than 10% of the re¬ 
action products leading to discrete states. The systematic variations of these spectra with 
projectile and emitted particle mass, as well as the slow dependence on target mass, indicate 
three distinct regions of the continuum characterized by projectile fragmentation peaks, non¬ 
equilibrium yields with rapid angular and energy variation and isotropic evaporation contributions. 
Rather wide regions of the available multi-body phase space have been surveyed with particle- 
particle coincidence measurements in order to help identify the specific reaction mechanisms 
leading to the continuum. Coincidence studies of alpha-particle fragmentation, involving both 
binary and multiple fragments, have identified "absorptive" breakup as the dominate process with 
less important contributions from "quasi-free" and "final-state" breakup. 2 Studies with incident 
protons indicate an important contribution from events corresponding to the emission of one fast 
proton in coincidence with evaporation products. These results suggest that the proton-nucleus 
interaction is dominated by processes in which nucleon-nucleon scattering of incident proton by 
a target nucleon acts as a doorway to more complicated states, allowing partial dissipation of the 
incident energy by the emission of a fast particle. A summary of the coincidence measurements for 
proton and alpha particle induced reactions and their interpretations as well as comparison with 
existing theories will be presented. 

*Supported in part by the National Science Foundation. 

1 J. R. Wu, C. C. Chang, and H. D. Holmgren, Phys. Rev. C 19 , 370 (1979); Phys. Rev. C _19, 659 
(1979); Phys. Rev. C 19, 698 (1979). 

2 R. W. Koontz, C. C. Chang, H. D. Holmgren, and J. R. Wu, Phys. Rev. Lett. 43_, 1862 (1979). 
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KA 3 Heavy Ion Reactions to the Highly Excited Continuum Region.* K. NAGATANI, Texas A & M University. (30 min.) 

Heavy-ion reactions generally produce continuum energy spectra enhancing large negative 
q- value regions, thus transitions to highly excited continuum. A systematic study has been 
carried out using light heavy ion beams of ~10 MeV/nucleon in terms of the direct reaction 
mechanism. Considering inherent complexities, various types of experiments have been carried 
out, and the results are subjected to commonly based theoretical analyses. 

Measurements 1 of the spin polarizations of the ejectile 12 B following various transfer 
reactions clearly demonstrated dominance of the direct processes, even for transitions to 
very high excited regions of residual nuclei. A number of alpha-transfer reactions have 
been studied, and the results were successfully analyzed by a direct transfer model based 
on the distorted Bom approximation. 2 It was noticed that the 20 Ne induced reactions show an 
enormously large component at forward angles, which in turn has been interpreted theoretically 
as a projectile-breakup process, 3 and confirmed experimentally by a- 16 0 correlation measure¬ 
ments. Thus, it is considered that the transfer and projectile-breakup processes contribute 
to these continuum spectra. It is then very interesting to study an interplay of these 
processes as a function of the incident energy. A study of reactions induced by 16 0 in the 
incident-energy range up to 310 MeV has been carried out, and the results will be discussed. 

Significance of these reactions in terms of the spectroscopic study must also be con¬ 
sidered. In fact, possible evidence 4 of populating exotic structure states have already been 
observed in the reaction ( 16 0,a) on light nuclei and extension to heavy nuclei system will 
be mentioned. 

♦Supported in part by National Science Foundation. 

1m. Ishihara et al. , Phys. Rev. Lett. 43 _, 111 (1979). 

2h. FrOhlich et al. , Phys. Rev. Lett. 42 _, 1518 (1979) . 

3t. Udagawa et al., Phys. Rev. C20 , 1949 (1979). 

4 K. Nagatani et al. , Phys. Rev. Lett. 43, 1480 (1979). 


KA 4 A Constrained Phase Space Approach to Analysis of Nuclear Reaction Data.* 

Y. ALHASSID, California Institute of Technology. (30 min.) 

The final phase-space of a system going through a collision process is, in general, not uniformly 
filled. The presence of constraints imposed by the dynamics causes the actual distribution to 
deviate from the statistical one. The actual distribution should however still be as statistical 
as possible (i.e., of maximal entropy) among those distributions which are consistent with the 
above constraints. The maximal entropy distribution is best described in terms of its surprisal 
(defined as the logarithmic deviation of the actual distribution from the statistical one). 

This surprisal should be linear function of the constraints. A dynamic analysis shows 1 that the 
mean values of the constraints must satisfy linear sum-rules. These sum rules can be used not 
only to identify constraints, but also enable us to calculate their final averages and therefore 
to reconstruct the entire distribution. The constrained phase space approach is illustrated in 
an application 2 to heavy ion transfer reactions to the continuum at bombarding energies above the 
coulomb barrier. The experimentally measured energy spectra are found to be well described by a 
distribution of maximal entropy subject to one or two physically meaningful constraints. The 
dominant constraint is consistent in spirit with a Q matching condition, while the other is re¬ 
lated to the width of the exciton distribution. A simple model for the grazing collision produces 
a sum rule which provides a quantitative account of the variation of the optimal Q value with the 
number of transferred nucleons. The wide applicability of the surprisal analysis approach is 
demonstrated by showing its usefulness in different problems, including: Giant quadropole reso¬ 
nance in d scattering, fast a emission processes, 7 -ray multiplicities and multiple coulomb ex¬ 
citation. We realized that surprisal analysis is a helpful framework for the experimentalist, in 
which nuclear reaction data can be compacted and systemized. 

*Supported by the National Science Foundation [FHY76-83685] and a Chaim Weizmann Research Fellow¬ 
ship. 

l-Y. Alhassid and R. D. Levine, Phys. Rev. C20, 1775 (1979). 

2y. Alhassid, R. D. Levine, J. S. Karp, and S^. G. Steadman, Phys. Rev. C20, 1789 (1979). 


I SESSION KE: GIANT RESONANCES AND SUM RULES 
Thursday afternoon, 1 May 1980 

Baltimore Room, Sheraton Washington Hotel at 2:00 P.M. 
D.J. Horen, presiding 


KE 1 

Excitation of Giant Resonances with 200 MeV 
Protons.* J. Tinsley, and D. K. McDaniels, University 
of Oregon,** F. E. Bertrand, E. E. Gross, and J. R. Wu, 
Oak Ridge National Laboratory,*** L. W. Swenson, Oregon 
State University,**** and R. Liljestrand, TRIUMF.--The 
giant quadrupole resonance is found to be strongly 
excited by 200-MeV protons obtained from the variable 
energy TRIUMF cyclotron. Angular distributions were 
measured over the range 5-20° for ^0$ n and 90 Zr 
targets, and between 5 and 13° for 2 ^Pb. Data were 
obtained to excitation energies of =50 MeV. A detailed 
summary of the results will be presented, including a 


discussion of possible L=0 and L=4 contributions to 
the observed collective excitations. 

*Submitted by D. K. McDaniels 
**Support by NSF grant PHY-7681858 
***0perated by Union Carbide Corporation for the 
U.S. DOE 

****Supported by NSF grant PHY-7688333 


KE 2 Evidence for Giant Resonances in the Scatter¬ 

ing of 800 MeV Protons .* R.L. STEARNS, Vassar College , 
R.E. CHRIF.N, T.J. KRIEGF.R, R.J. SUTTER, Brookhaven 
National Lab. , and T. KOZLOWSKI, Los Alamos Scientific 
Lab. —As part of a general survey of the scattering of 
800 MeV protons at the High Resolution Spectrometer at 
LAMPF, considerable data have been collected on various 
targets for an excitation region where giant resonance 
modes of the recoiling nucleus are expected to appear. 
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For targets of 12 C, 27 A1, 40 Ca, 51 V, 90 Zr, and 208 Pb, we 
observe intermediate structure in the (p,p*) cross sec¬ 
tion which can be associated with collective 
modes. These data are being studied for the laboratory 
angles ranging from 4° to 16°. The most marked struc¬ 
ture appears in 40 Ca, where the evidence is rather 
strong that the isoscalar giant quadrupole resonance is 
excited. This resonance appears to be present for the 
other targets, as well. Absolute cross sections and 
form factors for these excitations will be presented, 
along with a discussion of the underlying background 
which must be subtracted from the intermediate struc¬ 
ture in the cross section. 

♦Research has been supported by contract no. 
DE-AC02-76CH0016. 

KE 3 Splitting of the Giant Monopole Resonance with 
Deformation in the Sm Nuclei. U. GARG, P. BOGUCKI, 

J. D. BRONSON, Y.-W. LUI, C. M. ROZSA'*', D. H. YOUNGBLOOD, 
TEXAS A&M U.* —Inelastic ex-scattering from spherical 
^ 44 Sm and deformed 154 Sm has been used to investigate 
the effects of nuclear deformation on the parameters 

of the giant monopole resonance (GMR) . The GMR was 
identified as a separate component on the higher 
excitation side cf the giant resonance in both nuclei. 
For 154sm, the GMR cross section is only - 50% of that 
for 144sm; the cross section of the lower excitation 
component (predominantly the giant quadrupole resonance- 
GQR) is correspondingly higher in This implies 

that the GMR splits into two components of similar 
strengths, one of which coincides with the GQR. These 
observations are in qualitative agreement with the 
microscopic RPA calculations of Zawischa et al. 1 - The 
observed splitting cf the GMR is, however, considerably 
smaller than predicted. 

♦Supported in part by the National Science Foundation 
and the Robert A. Welch Foundation. 

+ Present Address - Harshaw Chemical Co., Solon, Ohio 
^D. Zawischa et al., Nucl. Phys. A311 , 445 (1978). 

KE 4 Excitation of Giant Multi pole Resonances in 
46jj > 58^•; a 90z r> 120$ n and 208 Pb via Inelastic Scat¬ 

tering of 152-MeV Alpha Particles. J.R. WU, F.E. 

BERTRAND, D.J. HOREN, G.R. SATCHLER, Oak Ridqe National 
Laboratory* , A.D. BACHER, G.T. EMERY, W.P. JONES, D.W. 
MILLER, Indiana University , and A. VAN DER WOUDE, 

K. V.I., Groningen, The Netherlands —Giant resonance 
spectra have been obtained for a wide mass range of 
nuclei using inelastic scattering of 152-MeV alpha par¬ 
ticles obtained from the IUCF. The spectra were ana¬ 
lyzed to yield separate peaks for the giant quadrupole 
and monopole (GMR) resonances. The results for the GMR 
when compared with DWBA calculations corroborate 
earlier mass systematics for the GMR from (p,p'j 
measurements. 1 The data were also compared with 
folding model calculations using Tassie transition den¬ 
sities. This model yields considerably too little 
cross section for the GMR which probably indicates a 
deficiency in the Tassie model breathing mode tran¬ 
sition density. 

*0perated by Union Carbide Corporation under contract 
W-7405-eng-26 with the U.S. Department of Energy. 
iF.E. Bertrand et al ., Phys. Lett. 80B, 198 (1979). 

KE 5 Observation of a Narrow, High-Lying, T> Gamow- 
Teller State in the 1 +^Ca(p,n)48Sc Reaction at 160 MeV.* 

B. ANDERSON, M. AHMAD, A. BALDWIN, A. FAZELY, J. 

KNUDSON, P. TANDY, J. WATSON, R. MADEY, Kent State U ., 
and C. FOSTER, Indiana U .--Neutron spectra from the 
48 Ca(p,n) 48 Sc reaction at 160 MeV were measured in 
approximately 6 ° steps from 0° to 48.5° with the beam- 
swinger facility at the IUCF. An energy resolution of 
450 keV for 157-MeV neutrons was observed with a flight 
path of 68 m. The most striking feature of the forward- 
angle spectra is a prominent peak of width 240 ± 40 keV 
at an excitation energy of 16.8 ±0.1 MeV in 48 Sc. We 
interpret this peak as the T=4 component of a 
C*rrf 5 / 2 ,vfy^) 1 + excitation and find that it carries a 


large fraction of the T> Gamow-Teller (GT) strength. 

This state is much narrower than a similar T> GT state 
reported in 90 Nb by other workers . 1 

*Research supported in part by the National Science 
Foundation. 

*A. Galonsky et al, Phys. Lett. 74B, 176 (1978). 

KE 6 Energy Systematics of Enhancements in (p,n) 
Spectra ,* AARON GALONSKY, WIM STERRENBURG, SAM AUSTIN, 
and RAY DeVito, Mich. State Univ. —Neutron spectra result¬ 
ing from bombardment with 45-MeV protons were measured 
at a forward angle, typically 7.5°, on 17 targets 
between 90 Zr and 208 Pb. Three features are common to 
the spectra: ( 1 ) a sharp peak representing the isobaric 
analog of the target ground state, ( 2 ) a broad peak, 
FWHM=3-4 MeV, at slightly higher, but target-dependent, 
excitation energy and (3) a similarly broad peak ~10 MeV 
higher than (2). The dependence of these energies on 
(N-Z)/A shows that the broad peaks are related to states 
in the target not as analogs but, more likely, as T < 
or anti-analogs of target states. Proposed parents 
for (2) and (3) are the giant Ml and giant El states. 

If the El assignment is correct, the T, T-l splitting 
is experimentally determined for the first time. 

♦National Science Foundation Grant No. Phy 78-22696. 


KE 7 Isovector Giant Resonances in 90 , 9 ^, 9 4 zr (p,n) 
at 80, 120, and 160 MeV ,* A. GALONSKY, S. AUSTIN, T. 
NEES, W. STERRENBURG, Mich. State U. ? D. BAINUM, Emporia 
State U. ; J. RAPAPORT, Ohio U. ; C. FOSTER Indiana U. ; 

C. GOODMAN, D. HOREN, ORNL; C. GOULDING, M. GREENFIELD, 
Florida A&M U, —Spectra for the above reaction were 
obtained with the beam-swinger, time-of-flight system 
at Indiana U. Two broad peaks previously observed with 
45-MeV protons 1,2 are more prominent at these higher 
energies. The angular distributions of the peaks are 
very different from each other. The lower peak has 
the £=0 shape of the IAS, whereas the upper peak has 
an &=1 shape. These peaks may represent the T < com¬ 
ponents (or antianalogs) of the giant Ml and El reso¬ 
nances. There is some evidence for the analog of the 
Ml. If so, we have a direct measurement of the Ml 
isospin splitting in three Nb isotopes. 

♦National Science Foundation Grant No. Phy 78-22696 
and D.O.E. 

1 R.R. Doering, A. Galonsky, D.M. Patterson, and G.F. 
Bertsch, Phys. Rev. Letters 35,1691(1975). 

2 W.A. Sterrenburg, S.M. Austin, U.E.P. Berg, R. DeVito, 
and A. Galonsky, Bull. Am. Phys. Soc. 24 ,649 (1979). 

KE 8 Isospin Depc lenr.e of the T > GDR in the Ni(n,p) 
Reaction. 1 J.L. ULLHANN, F.P. BRADY, C.M. CASTANEDA, 

G.A. NEEDHAM, J.L. ROMERO, P.P. URONE, Univ. of Calif ., 
Davis , and N.S.P KING, D.H. FITZGERALD, Los Alamos 
Scientific Laboratory .—A systematic study of the parent 
analog T> component of the giant dipole resonance in 
58 Ni, 60 Ni, 62 Ni, and 64 Ni has been made by means of the 
(n,p) reaction at 60 Mev. Isospin selection rules 
restrict transitions for the (n,p) reaction to analogs 
of T > =T q +1 states in the target. The evidence for the 
parent analog GDR is based on peaks observed with the 
correct energies and widths predicted by Ngo-Trong 1 as 
well as angular distributions consistent with macro¬ 
scopic DWBA predictions. The GDR cross section has 
been extracted above a continuum background calculated 
by various models. Although absolute sum-rule 
strengths depend sensitively on optical model potentials 
and reaction theory form factors, the relative cross 
section is less sensitive to these effects. The 
dependence of the relative cross section on target iso¬ 
spin will be compared to several model predictions. 

*C. Ngo-Trong, T. Suzuki, and D.J. Rowe. Nuclear. 

Physics A313 (1979) p. 15-44. 

^Supported by the National Science Foundation. 
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KE 9 Angular Distribution Measurements for the Reaction 
12 C(p,ynT l3 N for 16.5 '< Ep < 27.0 MeV ,* J. G. WOODWORTH, 
and F. S. DIETRICH, Lawrence Livermore Laboratory and 
J. W. JURY, Trent University- -Coefficients in the Legendre 
expansion w(6) ^ 1+ a-|/ao h (cos0) + ... have been deter¬ 
mined up to fourth order from 7-point angular distribution 
measurements. The measurements were made at twelve 
energies spanning the giant resonance region in ^ f r0 m 

17.2 to 27 MeV excitation energy. A direct-semi direct 
calculation which includes a direct E2 component is com¬ 
pared with the experimental data and agreement between 
the two is good. 

*Work performed under the auspices of the U.S. Department 
of Energy by Lawrence Livermore Laboratory under contract 
number W-7405-ENG-48. 

KE 10 Proton Capture to Excited States of 8 Be and 14 N.* 
S. MANGLOS, H.R. WELLER, N.R. ROBERSON, D.R. TILLEY, and 
S.A. WENDER, Triangle Universities Nuclear Laboratory , 
and S.L. BLATT, The Ohio State University —Recent measure¬ 
ments at intermediate energies have shown that y-ray 
spectra from radiative proton capture reactions leading to 
closed-subshell and closed-subshell-plus-one-proton nuclei 
are dominated by transitions to high lying lp-lh and 
single particle states, respectively. 1 -' We have used the 
TUNL cyclograaff and 10"xl0" Nal spectrometer to investi¬ 
gate two cases where the final nuclei have more complex 
shell-model configurations. The reaction 13 C(p,y) 14 N, 
previously measured by Paul ert a^L. 2 ', was measured at 
25 MeV. This spectrum shows strong transitions to two 
compact groups of final states centered near excitation 
energies of 5.8 and 8.9 MeV. These appear to correspond 
to the Id 1 / 2 ® (1^5/2 °r 2 s-j/?)T= 0 and multiplets. 
7 Li(p,y)°Be, on the other hand, measured for 22-E p ^31 
MeV, exhibits transitions to many final states up to ex¬ 
citation energies of 21 MeV. Preliminary data do not show 
any resonant behavior over the measured energy range. 

* Work partially supported by N.S.F. and U.S.D.O.E. 

1. M.A. Kovash et^ al., Phys. Rev. Lett. 42 , 700 (1979). 

2. P. Paul et al., Nucl. Phys. A254, 1 (1975). 

KE 11 Radiative Capture of Polarized Neutrons by 13 C.* 
M.J, JENSEN and D.R. TILLEY, N.C. State University and 
TUNL , S.A. WENDER, N.R. ROBERSON, and H.R. WELLER, Duke 
University and TUNL .—The excitation function for the 
1d C(n,y 0 ) i4 C reaction was measured from E n (E x )=5.6(13.4) 
to 14.0(21.2) MeV. The (y,n Q ) cross section exhausts 18% 
of the classical dipole sum rule. The same region in the 
analog experiment 13 C(p,y^) 14 *(0 + ,T=1) exhausts 9% of the 
sum rule. The ratio of the two yields is in agreement wi 
the isospin coupling coefficients' ratio of 2. Angular d 
tributions of cross section and analyzing power have been 
measured at E =7.75, 10.2 and 11 MeV with 7 angles rangin 
from 45° to 142°. The a^'s are essentially zero, while 
the a 2 *s range from 0.0 to -0.7. The b-^'s range from 0.C 
to -0.2, while the b 2 f s range from -0.2 to -0.3. Since 
both Ml and E2 radiation may be present in this region oJ 
14 C, the data have been analyzed assuming both El-Ml and 
E1-E2 interference. Preliminary results indicate that tl 

10.2 MeV data are consistent with either a (2.8±1.1)% E. 
or a (1.2±0.5)% Ml admixture. 

*Work partially supported by U.S.D.O.E. 


KE 12 Radiative Capture of 28.5-MeV Polarized Protons 
into Final States of 12 C and 13 N.* S.L. BLATT, T.R“ 
D0N0GHUE, M.A. K0VA5H, R.N. BOYD and H.J. HAUSMAN, The 
Ohio State University , and A.D. BACHER and C.C. FOSTER, 
Indiana University -- The reactions 11 B(p,y) 12 C and 
12 C($,y) 13 N have been studied at En = 28.7 MeV, over an 
angular range of 30°- 150°. In 12 C, the observed tran¬ 
sitions include y 0 , yi» and a set of strong y-rays 
("yig") to a cluster of states centered at E x ~ 19.2 
MeV. 1 ) Captures into 13 N are dominated by y 2+3 , but y 0 
and a transition to an unbound state at E x ^ 8.1 MeV are 
also present. The strong angular dependence of the 
cross sections, which typically peak near 70°, is well 
described by a modified direct-capture calculation. 2 ) 


The measured analyzing powers also exhibit strong varia¬ 
tions with angle. The transitions 11 Bf5,yi 9 ) and 
12 C(p,y 2 + 3 )> presumed to be predominantly (f-p) + d 5 / 2 
proton transitions, appear to have strikingly similar 
analyzing powers. 

* Work supported in part by National Science Foundation. 

1. M.A. Kovash et al ., Phys. Rev. Lett. 42, 700 (1979). 

2. S.-F. Tsai and J.T. Londergan, Phys. "Rev. Lett. A3, 

576 (1979). 

KE 13 Electroexcitation of the 18 0 Giant Resonance.* 
E.J. ANSALD0, Accelerator Laboratory, University of 
Saskatchewan, Saskatoon, S 7N 0W0. — Inelastic electron 
scattering spectra from l8 D have been obtained at 
momentum transfer values of 0.43, 0.63, and 0.86 fm" 1 
(forward angles). The main features of the Giant 
Dipole Resonance correlate well with the results from 
photonuclear reactions. In addition, a preliminary 
analysis of the data show discrete E2 excitations in 
the 10-23 MeV excitation energy range, with some 
evidence for additional E2 strength up to 40 MeV and 
the T=2 state at 16.2 MeV. 

^Supported by the National Sciences and Engineering 
Research Council of Canada. 

KE 14 Linear Energy-Weighted Sum Rules for 
Electromagnetic Excitations /* THIRUMALA RAYA 
HALEMANE, Rutgers Univ .—Linear-energy- 
weighted sum-rules (LEWSR) are evaluated by 
spectral distribution methods in the even- 
even self-conjugates (ds)-shell nuclei. A 
general theory of LEWSR is first given. 

When the Hamiltonian is one-body, this has a 
very simple form (expressible in terms of 
occupancies) and amounts to an extension of 
the Kurath Sum-rule (which is for isovector 
Ml and a one-body spin-orbit Hamiltonian) to 
other types of excitations and to arbitrary 
one-body Hamiltonians. Also given is a 
unitary sum-rule which takes account of a 
part of the two-body contribution to LEWSR, 
but can still be expressed in terms of 
occupancies. Further, the contribution from 
the two-body interaction is also evaluated. 

For isovector Ml, a detailed study is made of 
the Kurath Sum-rule in the (ds)-shell. The 
relative importance of spin-flip and orbital 
contributions to LEWSR is also examined. 

*Supported by the National Science Foundation. 


I SESSION KF: NUCLEAR SPECTROSCOPY II 
Thursday afternoon, 1 May 1980 

Annapolis Room, Sheraton Washington Hotel at 2:00 P.M. 

R.K. Smither, presiding 

KF 1 The New Isotope 81 Y and Mass Systematics of 
Neutron Deficient Yttrium Isotopes .* C.J. LISTER, D.E. 
ALBURGER, P.E. HAUSTEIN, and J.W. OLNESS, BNL—The neu¬ 
tron deficient isotope 81 Y has been produced using the 
58 Ni( 25 Mg,pn) 81 Y and 58 Ni( 28 Si,ap) 81 Y reactions, and its 
decays to 81 Sr were studied using the BNL He-jet trans¬ 
port system. The half-life of this isotope was found to 
be 72.011.5 sec. X“Y» Y”Y and 8~Y coincidences estab¬ 
lish a de-excitation scheme for levels in 81 Sr, involv¬ 
ing strong 79, 124 and 409 keV y-rays, and also deter¬ 
mine the total 81 Y 81 Sr decay energy to be Q e c = 
5.3310.10 MeV. The resultant 81 Y mass excess is found 
to be about 0.5 MeV less than most mass estimates. 

These data complete a series of measurements on the Ytt¬ 
rium isotopes for A>_80, which illustrate a discrepancy 
between experimental and calculated masses that in¬ 
creases rapidly with decreasing neutron number. 

* Work supported by DOE Contract No. DE-AC02-76CH00016 

KF 2 Inelastic Electron Scattering on <89>Y. 

J.F. DAWSON, J. HEISENBERG, 0. SCHWENTKER, S. McCAFFREY, 
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Univ. of New Hampshire, J.S. MCCARTHY, J. WISE, Univ. of 
Virginia , J. LICHTENSTADT, and C.N. PAPANICOLAS,** Bates 
Linear Accelerator Center and Mass. Institute of Tech¬ 
nology , and H. BLOK, Vrije Univ. of Amsterdam —We have 
measured the high resolution electron scattering of 
<89>Y in forward and backward directions to examine both 
charge and current densities. Cross sections for the 
lowest single particle excitations will he presented. 
These show substantial transverse contribution to the 
form factors. The data will be compared to DWBA 
calculations. 

^Supported by US DOE Contract No. DE-AS02-79ER1033& 

**Now at Univ. of Illinois 

KF 3 ' Electron Excitation of High Spin States in 90 Zr.* 

s. McCaffrey, j. dawson, j. Heisenberg, o. schwentker, 

Univ. of New Hampshire, N. HINTZ, Univ. of Minnesota, 

J.S. McCarthy, j. WISE, Univ. of Virginia , H. BLOK, Vrije 
Univ. of Amsterdam , J. LICHTENSTADT, Massachusetts Insti¬ 
tute of Technology , and C.N. PAPANICOLAS, Uni'v. of 
Illinois —High resolution inelastic electron scattering 
has been performed on 90 Zr at the MIT-Bates electron 
accelerator. The scattering has been done at 90° and 
160° scattering angle to separate charge- and current¬ 
scattering. States up to J 7T =10’" have been observed. 

Data for several states are presented and compared to 
DWBA calculations from single particle densities. 

*Work supported by US DOE Contract #DE-AS02-79ER10338 

KF 4 Band-Structure in Neutron-Deficient 117 > 119 > 121 Xe * 
P. CHOWDHURY, U. GARG, T. P. SJOREEN, D. B. FOSSAN, 

SUNY, Stony Brook - The odd-N 11 7 » 119 » 121 Xe(Z = 54) 
nuclei were studied via 10610 CdC 14 N,p2n) 117,121 Xe and 
106 Cd( 16 O,2pn) 119 Xe reactions, using y-excitation, y-y 
coincidence and y-W(6) measurements. Strong AJ= 2 band 
structures built on 11/2” states were observed in the 
ll 7 ,119,121xe nuclei. Weaker AJ= 2 sidebands, associ¬ 
ated with the 11/2” band, were observed down to the 9/2“ 
member in all three nuclei. The level schemes of 
117,119,121 Xe w -qi be presented along with the system- 
atics of the hn/o band structure observed in odd-N 
123 129x e nuclei.1 Calculations for the energy levels 
of 117 » 119 » 121 Xe, using the triaxial rotor-plus-quasi- 
particle model of Meyer-ter-Vehn,2 show fair agreement 
with experimental observations. In addition, AJ= 1 
bands with E2 crossover transitions were observed in 
119,121xe, built on 7/2 + states. This is the first 
observation of g7/2 neutron-hole bands in odd-A Xe 
nuclei. The mixing ratio <5(E2/M1) for the J+J-l 
transitions are negative, implying a prolate rotor 
coupled to a gj/2 neutron-hole. 

Supported in^part by the National Science Foundation. 

1 A. Gizon and J. Gizon, Z. Physik A289 , 59 (1978). 

2 J. Meyer-ter-Vehn, Nucl. Phys. A249 , 111, 141 (1975). 

KF 5 Structure of N=82 3 States Determined by 

(p,p*) at Analog State Energies. J.L. FOSTER,JR., S.E. 
DARDEN, M.C. ROZAK, Univ. of Notre Dame , and M.L. 

CESCATO, M.C. RUIZ, and F. KRUMPOTIC, Univ. of Sao Paulo. 
—The collective_first 3 state is observed to resonate 
on the first 7/2 analog resonance in l^Sm (p,p’)-*- and 
^3°Xe (p,p')2 but not appreciably on the other analog 
resonances, indicating (n2f7/p ® njjf) particle-hole 
components in the 3j state. Inela.stic scattering to 
the 3 state in 1 38 Ba # l^°Ce and ll+2 Nd have been 
measured on the first 7/2 analog resonance and are 
being analyzed together with the !36x e and l44 Sm data 
using a coupled channel + resonance scattering matrix. 
Results will be compared with RPA nuclear structure 
calculations. 

1. M.L. Cescato, thesis, University of Sao Paulo, 
unpublished 

2. P.A. Moore, Technical Report, University of 
Texas, unpublished 

KF 6 A Search for a-decay of High Spin Isomers in 
Rare Earth Nuclei . J. A. VRBA, C. R. BINGHAM, M. W. 
GUIDRY, and R. E. NEESE, Univ. of Tenn. ,* E. E. GROSS, 


T. P. CLEARY, and D. C. HENSLEY, ORNL .t E. V. HUNGER- 
FORD, Univ. of Houston .--Using a decay-in-flight tech¬ 
nique, a search for 1-100 nsec a-decay has been con¬ 
ducted in a variety of rare earth nuclei made in 
energetic heavy ion reactions. Assuming rigid ro¬ 
tation, this lifetime range corresponds to nuclear 
spins of 30-50ii where very high spin isomerism has 
been predicted theoretically. A continuum of delayed 
a-particles reported previously' has been attributed 
to background resulting from direct (n,a) reactions. 

No system investigated in the search showed a-activity 
significantly above this background for E a from 6-16 
MeV. Cross section limits are set for 14 systems in 
which high spin isomers (I>10fi) are known to have 
lifetimes in the range studied. Comparison to theo¬ 
retical total cross sections allow a-branching ratio 
estimates to be made. 

♦Supported in part by USDOE contract DE-AS05-76ER0-4936. 
fOperated by Union Carbide Corp. under USDOE contract 
W-7405-eng-26. 

lj. A. Vrba et al■ , B.A.P.S. 23, 504 and 963 (1978). 

KF 7 Unusual Excitation Functions of Yrast States in 
152 Py .* S. R. FABER, P. J. DALY, C. L. DORS, J. WILSON, 
Purdue Univ ., I. AHMAD, J. BORGGREEN, P. CHOWDHURY, 

T. L. KHOO, W. KUTSCHERA, R. K. SMITHER, Argonne Natl . 
Lab . — The population intensities of previously deter¬ 
mined^- yrast states in 152 Dy were studied as a function 
of bombarding energy, using 144-184 MeV 3 4 S beams from 
the Argonne superconducting linac booster incident on a 
122 Sn target. For E 3 4 S > 160 MeV, states with spins of 
up to 25 fi received close to 100% of the ( 3 4 S,4n) 152 Dy 
cross section, indicating little or no side-feeding below 
this spin. The population of states with higher spin 
did not increase even at higher bombarding energies 
(corresponding to higher angular momentum input). In 
contrast, a monotonic decrease in population with spin 
is usually observed in studies on prolate deformed nuclei. 
This unusual saturation of the high spin population in 
152 Dy and the results of our continuum measurements 2 
suggest that continuum E2 transitions funnel the y de¬ 
excitation into the yrast states at I ^ 25-35 and thus 
away from those at higher spin. 

*Supported by the U. S. Department of Energy. 

1-T. L. Khoo et al. , Phys. Rev. Lett. 41, 1027 (1978). 

2 J. Borggreen et al., (see abstract below). 

KF 8 Negative-Parity Sideband in 168 Yb ,* J.L.S. 
CARVALHO, P.M. WALKER, W.H. BENTLEY, and S.R. FABER,+ 
Mich. State Univ. —Using the 166 Er(a ,2n) 168 Yb reac¬ 
tion, with a-particle beams provided by the MSU Cyclo¬ 
tron, we have identified several sidebands in 168 Yb. 

The techniques used‘included y-y -coincidence and y- 
ray angular distribution measurements. Of particular 
interest is the identification of a rotational band 
based on the known I,K =5,5 isomeric level 1 at 1999 
keV. We have tentatively assigned band members up to 
the 11 level, with both stretched E2 cross-over and 
mixed M1/E2 cascade transitions between the levels. 

The angular distribution results imply the dominance 
of a two quasj.-neutron structure for the band, probably 
with th<* (5/2 (642) , 5/2 (523) } - assignment. 

The 5/2 (642) neutron comes from the i 13 , 2 orbitals, 
and the strong Coriolis effects on the high j=13/2 for 
this particle can account for the high moment of inertia 
of the band (2 J/fi 2 2110 MeV 1 ). 

♦National Science Foundation Grant No. Phy 78-01684. 
Present address: Daresbury Laboratory, Daresbury, 
Warrington, England. 

fPresent address: Argonne National Laboratory, Argonne, 
Illinois. 

1 A. Charvet et al., Nucl. Phys. A197 (1972)490. 

KF 9 Proton h^ , and Octupole Excitations in "^^Dy 

149 - ±±1± - 

and Dy.* P.J.DALY,** Purdue Univ . P KLEINHEINZ, R. 
BRODA, S. LUNARDI, KFA Jiilich , H. BACKE, TH Darmstadt , 

J. BLOMQVIST, AFI Stockholm . - We are examining the 

consequences of the Z=64 gapl) by studying the level 
spectra of few valence particle nuclei around ^ 4 ^Gd. 
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Here, the results for 148 Dy, 14 9Dy obtained in in-beam 
y—ray and electron studies will be presented. The 10 
coupling of the two hn/2 valence protons plays a part¬ 
icularly prominent role in the yrast spectroscopy of 
Dy nuclei. Interesting features of the level spectra 
to be discussed include the complete spectrum in 

148 Dy, the effective E2 charge, and unusuhi aspects of 
particle-phonon exchange coupling observed in both 
nuclei. 

*Submitted by N. T. Porile. **Supported by U.S. D.O.E. 
Ip. Kleinheinz et al. Z. Physik A290 (1979) 279. 


i\r 1U 1 c o_ * 

Study of Continuum y-Ray Spectra of 13 ^Dy . 

J. BORGGREEN,** I. AHMAD, P. CHOWDHURY, T. L. KHOO, 

W. KUTSCHERA, R. K. SMITHER, Argonne National Lab ., 

P. DALY, C. DORS, S. R. FABER, J. WILSON, Purdue Univ . — 
We have utilized 162 MeV 3 4 S from the Argonne Linac to 
populate states in 152 Dy in an attempt to determine the 
relationship between the population of high spin yrast 
states and the continuum of y rays feeding these dis¬ 
crete states. The Nal spectra exhibit an enhanced yield 
around 1.4 MeV, well separated from any known discrete 
lines. Anisotropy measurements of this energy region 
suggest that it consists of many unresolved stretched 
quadrupole transitions. These results, together with 
the excitation functions for the discrete yrast lines 
(see abstract above), imply that the deexcitation of 
high-5- events (5- £ 35 *) is not feeding the yrast line 
directly via statistical transitions, but is diverted by 
continuum cascades of E2 character, and only reaches the 
line at 5. ^ 25—30 "h. The fact that the mean ener¬ 
gy of the "bump" remains fairly constant over a large 
range of incoming 5-—values implies a moment of inertia 
which seems to increase linearly with spin. 

*Supported by the U. S. Department of Energy. 

**Supported by the Danish Natl. Science Research Council. 


KF 11 High Spin States in 162 Yb . L. L. RIEDINGER, 
Univ. of Tennessee* and Niels Bohr Institute , Y. V. 
MAKOVETSKY, 0. ANDERSEN, J. D. GARRETT, G. B. HAGEMANN, 
B. HERSKIND, Niels Bohr Institute, J. C. WADDINGTON, 
Univ. Bergen, M. GUTTORMSEN and P. 0. TJ0M, Univ . 

Oslo.--Multiple rotational bands have been observed in 
TS7 Yb through the ( 16 0,3ny) reaction at the NBI tandem 
accelerator. A multiplicity-gated array of 4 Ge(Li) 
counters was used to accumulate high quality coinci¬ 
dence data. The yrast band is observed up to Itt = 22 
and exhibits an upbend beginning at 14 + . Two rotation- 
aligned negative-parity bands, one of even I and one 
odd, extend to I = 22, 21 and also exhibit upbends. 
Another aligned side band, odd I and tt = +, is followed 
up to I = 19 but shows no band crossing. The pattern 
of the tt = - side bands is rather similar to our 
results on 160yb,l but the tt = + side band has no 
parallel there. Cranking model calculations suggest 
quasi-particle assignments for these bands and an 
explanation for these selective band crossings. 

1. L. L. Riedinger et al., Phys. Rev. Lett, in press. 
*Supported by the U.S. Department of Energy. 


KF 12 Coulomb Excitation of 19 °> 192 0s with 136 Xe, Ca 
and 58 Ni. C.Y. WU, D. CLINE, T. CZOSNYKA, L. HASSELGREN, 
P. RUSSO, J.K. SPRINKLE, University of Rochester* ; I.Y. 
LEE, P.A. BUTLER, R.M. DIAMOND, F.S. STEPHENS, Lawrence 
Berkeley Laboratory**; C. BAKTASH, Brookhaven National 
Laboratory **; S. STEADMAN, Massachusetts Institute of 
Technology** — Coulomb excitation of 190 > 192 Os was per¬ 
formed using 136 Xe, 58 Ni and 40 Ca ions at bombarding 
energies of around 4 to 4.5 MeV per nucleon. Deexcita¬ 
tion y—rays were detected by Ge(Li) detectors in coinci¬ 
dence with scattered ions. Ground band levels were iden¬ 
tified to spin 12 + , the y-band up to 10 and a 4 band up 
to spin 6 + . E2/M1 mixing ratios were determined for the 

2++2[ and 4 + -*4* transitions. A model independent analy¬ 
sis was use& to extract BE2 values and signs of inter¬ 
ference terms. These will be compared with predictions 


of various collective models such as the asymmetric 
rigid rotor y-soft vibration and the IBA models. 

Supported by the National Science Foundation 
Supported by the U.S. Department of Energy 

KF 13 

Quadrupole Moments of the First Excited States of 
200,20*2Hg. A.M. BAXTER, M.T. ESAT, M.P. FEWELL, 

D. C. KEAN, R.H. SPEAR and T. H. ZABEL, Australian 
National University.*— The static quadrupole moments, Q2+, 
and B(E2; 0+ 2+) of the first excited states of 200 » 202 Hg have 

been measured using the reorientation effect. Coulomb excita¬ 
tion probabilities were obtained by detecting with an annular 
silicon surface-barrier detector ^He, * 2 C and 1 6 0 projectiles 
backscattered from thin isotopically enriched targets. See 
Ref. 1 for experimental details. A preliminary analysis as¬ 
suming destructive interference from higher states gives the 
following values: 200Hg: B(E2; 0+ 2+) = 0. 855 ± 0.007 e 2 b 2 , 

Q 2 + = 1. 01 ± 0.18 eb; 202n g: B(E2; (H-» 2+) = 0. 598 ± 0. 005 
e 2 b 2 , Q2+ = 1.03 ± 0.12 eb. The comparison between these 
values, the results of earlier measurements 2 * 3 and theoreti¬ 
cal predictions will be presented. 

1 M.T. Esat, et al ., Phys. Lett. 72B_ (1977) 49. 

2 A. Bockisch, et al ., Z. Phys. A291 (1979) 245. 

3 A. A. Hahn, et al ., Nucl. Phys. A314 (1979) 361. 

* Submitted by Peter D. Parker 


to SESSION KG: INTERMEDIATE ENERGY: THEORY II 
I Thursday afternoon, 1 May 1980 

I Rockville Room, Sheraton Washington Hotel at 2:00 P.M. 

I D. Riska, presiding 

KG 1 Calculation of Pion Asymmetry in pip-^piT+n at 800 
MeV.* E.A.UMLAND, I.M.DUCK, M.FURIC,^ and G.S.MUTCHLER, 
Rice Univ. <— Pion asymmetries in the reaction pip^pir+n 
have been calculated for the kinematical conditions of 
the experiment of Hancock et al_, 1 The dynamical model 
is based on the one pion and one rho exchange amplitudes. 
The pion and rho form factors were adjusted to fit the 
small momentum transfer A production data of Hudomalj- 
Gabitzsch et al. 2 More complete dynamical calculations 
are simulated by phenomenological NN-NA amplitudes with 
NN 1-D 2 and resonances coupled to NA ^S 2 and 5 j> 3 
channels, Reasonable values of resonance parameters 
produce a broad range of asymmetries and can be brought 
into accord with the data of Hancock et al . 1 

1 A.D.Hancock et al,[see contribution to this conference]. 
2 J.Hudomalj-Gabitzsch et al,, Phys.Rev, C18 (1978) 2666. 

*Supported by U.S.DOE Contract No. DE-AC-5-76ERO-1316. 

^On leave from Institute "Ruder Boskovic," Zagreb, 

Yugoslavia 

KG 2 A Unitary Model for the Reaction NN->NNtt. D. 

EYRE, and B. J. VERWEST, Texas A&M U .*—Starting from the 
equations of Avishai and Mizutani 1 , we apply the unitary 
procedure found by Karlsson , and construct a new model 
to describe the reaction NN-HSINtt. The resulting equations 
involve a system of coupled on-shell Heitler-type inte¬ 
gral equations which unitarize the scattering problem. 

An off-shell integral equation yields the dynamical des¬ 
cription of the Avishai-Mizuntani equation, but gives no 
contribution to two- and three-particle unitarity cuts. 
The purpose of the model is to enable the construction 
of approximate transition amplitudes which satisfy uni¬ 
tarity constraints. 

*Supported by DOE Contract DE-AS05-76ER05223 

1 Y. Avishai and T. Mizutani, Nucl. Phys. A 326, 352 
(1979)o 

2 B 0 R. Karlsson, Phys. Rev. D17, 642 (1978). 
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KG 3 Relativistic Three-Particle Vertex Functions in 
Medium Energy PhysicsT^ D.R. GIEBINK, Theor. Div., LASL 
and U. of Texas* *—Relativistic, off-energy-shell, 
three-particle vertex functions are a necessary input to 
many-body calculations at medium energies. We will dis¬ 
cuss an approach to the specification of these functions 
which emphasizes their dynamical, rather than their 
kinematical, content. Comparison will be made with 
field-theoretic models and with the magic-vector 
approach of Aaron, et al. 1 

*Submitted by William R. Gibbs 

**Work performed under the auspices of the Department of 
Energy and Associated Western Universities. 

1 R. Aaron, R. D. Amado and J, E. Young, PR 174 , 2022 
(1968). 


KG 4 Angular Momentum Analysis of a Three-Nucleon 
Force . S.A. COON, U. of Az ., and W. GLOCKLE, Ruhr 
Uni versitat Bochum- -I t has been suggested that the 
central depression in the point nucleon distribution 
of 3 He is best explained by a rather strong short- 
range three-body-force. This hypothesis can be tested 
in a constructive manner by encorporating such a force 
into the Faddeev equations and calculating properties 
of the three-nucleon bound state. To this end we have 
made a partial wave decomposition of momentum space 
three-body-potentials in the five three-body partial 
waves corresponding to the l So and 3 Si- 3 Di channels. 

We will display some results which compare and contrast 
three-nucleon potentials of the two-pion exchange type 
based on i) a current algebra-PCAC extrapolation from 
the sub-threshold ttN data, 1 ) and ii) a A-resonance 
model. 2 ) 

^S.A. Coon et al., Nucl. Phys. A317 (1979) 242 
2 )S.N. Yang, Phys. Rev. CIO (1974TT067 


KG 5 An Estimate of the Effects of Isospin Dependent 
Energy Shifts on Pion Charge Exchange. G.J. 

STEPHENSON, JR., WAYNE POLYZOU and W.R, GIBBS, Theor, 
Div., LASL —Recently, Moniz and ToyamaI have suggested, 
based upon the isobar-hole model, that pion-nucleus 
scattering amplitudes should be calculated at different 
energies for different isotopic components and that this 
should affect pion nucleus charge exchange severely. 
Saharia and Woloshyn^ have shown that, for a large 
enough energy shift, agreement with published radio¬ 
chemical data 1 may be obtained. We have estimated this 
effect using an approximation to a many body reaction 
theory, including all six s-wave and p-wave interactions 
and careful accounting of fractional parentage.^ Pre¬ 
liminary results indicate that the effect is very small. 

*Work supported under the auspices of the Department of 
Energy. 

1-E. J. Moniz and M. Toyama, to be published. 

2a. N, Saharia and R. M. Woloshyn, preprint. 

3y. Shamai, et al., Phys. Rev, Lett. _36, 82 (1976). 

^A. Gal, private communication. 


KG 6 Dynamics of Single Charge Exchange Reactions . 
L.C. Liu, Group CNC-11, Los Alamos Scientific Lab.- - 
We have investigated reaction mechanism of single 

charge exchange, using the reaction 13 C( 7 C + , 7 C°)* 3 N(g.s.) 
as a case of study. We make use of a covariant multi¬ 
channel theory which generalizes previous covariant 
optical model analysis of pion-nucleus elastic scat¬ 
tering. (1) (2) . We found that the absorptive content 
of the pion wave functions obtained in the present 
theory differs significantly from those obtained in 
the framework of conventional DW theories. This new 
feature can be mainly ascribed to a correct treatment 
of binding effect and Fermi motion of target nucleons 
in our covariant theory. We will also show effects of 
other pion-nucleus dynamics, such as Coulomb inter¬ 


action, medium correction to pi on-nucleon interaction, 
and true pion absorption. 

1. L.C. Liu, Phys. Rev. CL7, 1787 (1978). 

2. R.S. Bhalerao, L.C. Liu, and C.M. Shakin, to be 
published. 

KG 7 Nucleon Motion and the P-Wave Pion- 
Nucleus Interaction in a Momentum-Space 

Approach . RONALD ROCKMORE, Rutgers Univ. — 

The nucleon-motion correction to the usual 
local optical potential constructed from the 
ttN scattering amplitude is studied in the 
context of ttD elastic scattering in a 
momentum-space approach. The use of McGee's 
wave function (or the Hulthen wave function, 
for that matter) enables one to calculate 
the correction without recourse to a 
partial-wave expansion 1 and to incorporate 
the effects of NN intermediate-state inter¬ 
action in the case of the state straight¬ 

forwardly. Comparison with the recent results 
of Riska and Duffy 1 will be made. Results 
of a different prescription for taking into 
account the intermediate-state kinetic energy 
in a pole approximation will be discussed. 

l-D. O. Riska and J. E. Duffy, "The Non- 
Locality of the P-Wave Pion-Nucleus Inter¬ 
action," MSU preprint 1979/203-4. 

KG 8 Deuteron Photodisintegration at High Energies. 
M.R. ANASTAS 10, Brooklyn College of CUNY and M. CHEMTOB, 
CEN Saclay .—The photodisintegration of the deuteron is 
studied for photon energies of 0.1 to 0.8 GeV in a non¬ 
relativist ic approach. The usual impulse approximation 
term plus rescattering terms with intermediate NA and 
A A states are included, the latter being induced by AA 
components of the deuteron wavefunction. Predictions 
are presented for differential cross-sections as well 
as proton polarizations. While providing a reasonable 
description of the differential cross-section for up to 
0.5 GeV photons, the large enhancement in the polari¬ 
zation seen around 0.55 GeV can not be explained even 
when the important meson exchange currents and final 
state interactions are included. 


KG 9 Charged Pion Photoproduction from 13 C .* S. 

MALEKI, S. K. RAQt and J. S. LEVINGER, Rensselaer Poly¬ 
technic Institute '—We use the impulse approximation, 
with CGLN amplitudes for photopion production from a 
nucleon, and Kurath-Cohen nuclear wavefunctions. We 
calculate the differential cross section for photopro¬ 
duction of charged pions from 13 C, 9 Be, and 1 *B leading 
to the ground or specified low energy excited states of 
the final nucleus, treating the pion as a plane wave. 

We use a pion wave distorted by the Kisslinger optical 
potential, to calculate the angular dependence of the 
differential cross section 13 C(Y,ir ) 13 B , for photon 
energy of 200 MeV. We compare with expiriments by 
LeRose et al. 1 

Submitted by K. Min. 

Now at MATSCIENCE, Madras, India. 

*+Supported in part by the National Science Foundation. 

1. J. LeRose, K. Min, D. Rowley, P, Stoler, E, J. 

Winhold, P. F. Yergin, A. M. Bernstein, K. I, 

Blomqvist, H. Caplan, G. Franklin, M. Pauli, K. Shoda 
and M. Yamazaki, Bull. Amer. Phys. Soc. 2^, 819 (1979)* 

KG 10 Charged Pion Photoproduction in Light 
Nuclei . ANTON NAGL and H. t>BERALL, 

Catholic University, Washington, DC 20064 *. Ex¬ 

periments are proceeding on threshold and high- 
energy pion photoproduction from light nuclei 
( 1(3 B, -*-^C, !3 C , ^O) . We present calculations of 
differential and total cross sections for some of 
these experiments, using the generalized Helm 
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model 1 , recent electron scattering data 2 ' 3 


and a KG 13 2 

Pion Reactions in H and the Muon-Capture Rate , 

Pion-Capture Rate and Neutrino Reaction Cross Sections *, 

S. L. Mintz, Florida International U. ** The pion-photo- 

production reaction y+ +n + n is used together 

with the partially conserved vector current hypothesis 
(PCAC) and the electrodisintegration reaction 
e + 2 H«—^p + n + e is used together with the conserved 
vector current hypothesis (CVC) to obtain the values 
for the total unuon-capture rate and 

__ __ sec. 1 for the pion-capture rate in 

deuterium Curves for the cross-sections for the neutral 


T =15 5 sec 
T.* =3.41 x 10* 


and charged current reactions v + H—>v + p + n and 
237 (1979) v + 2 H —>1 + p + n where 1 stands for leptons are also 
1642(1978) obtained. Calculations are made via the elementary 
929 (1979) particle model. 


standard pion-nucleus optical potential (similar 
to the MSU potential 4 ) which reproduces elastic 
pion scattering. Uncertainties in the theoreti¬ 
cal cross sections caused by ambiguities in the 
nuclear form factors and the optical potential 
will be discussed. 

* Supported by the National Science Foundation. 

1 R.D.Graves et al, Canad. J. of Phys. (in press) 
H.Uberall, Electron Scattering from Complex 
Nuclei(Academic, 1971) 

2 E.J.Ansaldo et al, Nucl.Phys. A232 

3 J.B.Flanz et al, Phys. Rev. Lett. 41 

4 K. Strieker et al, Phys. Rev. C19 , 


KG 11 Hypernuclear Formation and the (n , K ) 

Reaction.* LARRY D. LUDEKING and GEORGE E. WALKER, 
Indiana U .—Adopting the DWIA and the eikonal approxi¬ 
mation for distortions we have studied the differential 
cross sections associated with the formation of 

[ (n'l'j / )^(n£;j)~^]j n hypernuclear states in the (* + ,K + ) 
reaction. In the region lGeV/c ~ E^+ b ^ l*5GeV the 

(rt + ,K + ) reaction involves large momentum transfer, 
q £ 300MeV/c, even at 0°. Thus, even at forward angles, 
relatively high spin normal parity states dominate the 
reaction excitation spectrum. The behavior of the 
response function as a function of A, the complementarity 
of the process to the (K“,Jt“) reaction, and the q depen¬ 
dence of the quasi-elastic background will be discussed. 
For light nuclei, forward cross sections of the order of 
10n.b are not uncommon and therefore experimental studies 
of this reaction process appear feasible. 

*Work supported in part by the National Science 
Foundation. 


KG 12 Relativistic Effects in Backward-Angle p-d 
Scattering. * B.D. KEISTER, Carn'egie-Kellon U . --The 
backward-angle p-d differential cross section and ten¬ 
sor alignment are examined in a relativistic nucleon 
exchange diagram, wherein the (Bethe-Salpeter) d-n-p 
vertex function is identified with the deuteron wave 
function as predicted by potential models. Above 500 
MeV proton laboratory energy, the calculated cross 
section differs both with the non-relativistic nucleon 
exchange (NRNE) calculation and with the NRNE calcu¬ 
lation which employs the kinematically proper momentum 
transfer variable. Similar disagreement appears in the 
tensor alignment calculation, and neither calculated 
observable agrees with experiment. Thus, for this 
reaction, (i) relativistic effects are important for 
one-nucleon exchange, including those effects of trans¬ 
ferring the deuteron wave function from one frame to 
another, and (ii) one-nucleon exchange alone is not 
sufficient to describe the data. 


♦Submitted by S. L. Mintz 
♦♦Supported by NSF Grant PHY-7912451 

KG 14 A Computer Study of the Experimental Feasibility 
of Observing the Nuclear Excitation of y Li by Reactor 

Antineutrinos * F. T. Avignone, III 1 and T. W. Donnelly. 2 

— A computer study of the feasibility of observing the 
0.478 MeV y ray following the antineutrino excitation of 
7 Li has been carried out in a simple geometry involving 
two large Ge detectors placed on the axis inside a 20 kg 
target of natural lithium. The background y ray flux was 
that observed by Fiorini and his co-workers in their 
search for neutrinoless double beta decay of 76 Ge. The 
target was assumed to be inside a rectangular live shield 
of Nal(Tl) which has a wall thickness of 10.16 cm. The 
results for the Weinberg-Salem model show that the ob¬ 
servation of this reaction is feasible even if the back¬ 
ground is two orders of magnitude more intense than the 
background observed by Fiorini et al. This conclusion 
is valid even if most of the background originates inside 
the cryostat itself. 

♦Supported in part by the U. S. Department of Energy 
(DOE) under contract FY-76-C-02-3069 and by the National 
Science Foundation under Grant PHY78-01558. 

1 University of South Carolina, Columbia, SC 29208 

2 Massachusetts Institute of Technology, Cambridge, MA 
02139 

Supplementary Program 

KG 15 On- and Off-Shell Mesons in the Deuteron .* 

B.D. KEISTER, Carnegie-Mellon U .--In order to have a 
qualitative understanding of high-momentum-transfer 
deuteron reactions such as pp dir + and p(d,p)d, it 
is important to have a deuteron wave function which 
describes both on- and off-mass-shell nucleon propa¬ 
gation between the bound nucleus. To this end, model 
calculations are presented in which spinless nucleons 
exchange scalar mesons in the ladder approximation to 
the Bethe-Salpeter equation, but without the usual 
kinematic reductions. The vertex function so obtained 
depends upon both three-momentum and energy transfer, 
and is compared to several approximations to the model 
which are based upon various three-dimensional re¬ 
duction schemes. Implications of these results for 
deuteron reactions are discussed. 


Supported 


in part by N.S.F. Grant PHY78-19757. 


ie 

Supported in part 


by N.S.F'. 


Grant PHY78-19757. 
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Vuillemin, V.—EH9 

Waddington, C.J.—Ell, EI2, GI5, 
GI6, GI7, GI8 
Waddington, J.C.—KF11 
Wadlinger, E.—BF6 
Wagner, G.J.—JF16 
Wagner, R.—GH12, GH13 
Waldschmidt, M.—HJ7 
Walker, G.E.—DE7 
Walker, George E.—KG 11 
Walker, J.C.—DJI2 
Walker, P.M.—KF8 
Walker, W.—GH6 
Walker, W.D.—GH4 
Wall, N.S.—DF9 
Wallace, B.G.—DH10 
Wallace, S.J.—DE5 
Walter, R.L.—EG7, EG8, GE8, 
GE14, JF2 

Wang, E.—AH6, AH7, AH8 
Wang, Tai-Chieh—EH9 
Warburton, E.K.—HG15 
Ward, C.E.—DH5, DH6 
Ward, D.—HH12 
Ward, G.D.—DJI3 
Ward, L.—HF13 
Warren, J.B.—HL10 
Watson, A.A.—HB1 
Watson, C.C.—DK10 
Watson, J.—KE5 
Watson, J.M.—DH5, DH6, GH9 
Watson, J.W.—DF10, EE11 
Watson, W.A., III—JG5 
Watts, T.—HH9, HH12 
Webber, W.R.—EI7 
Weeks, K.J.—HE14 
Wegner, H.—AG5, DG3, DG4 
Weil, J.L.—EG4, EG5 
Weinberg, Steven—DAI 
Weingart, R.C.—AK3, AK4, AK6 
Weiser, D.—AE10 
Weiss, D.L.—DE4 
Weiss, H.—JI6 

Weisser, D.C.—AE12, AE14, EE5 

Welch, L.C.—EE8 

Weller, H.R.—HF13, KE10, 

KE11 

Wells, J.C.—BG11 
Wells, J.C., Jr.—BG9, HG10 
Wen, C.-T.—GL8 
Wender, S.A.—EG7, GE8, GE14, 
HF13, JF2, KE10, KE11 
Wenzel, W.A.—EH2 
Wesick, J.—DF8, JF7 
Westerberg, L.—JG9 
Westerfeldt, C.R.—JG3, JG4, 

JG5, JG6 

Westfall, G.D.—AA5 
Weston, W.W.—JJ8 
Weygand, D.—GH2 
Wharton, W.—BF15 
Wharton, W.R.—BF5 
Wheaton, W.A.—Jill 


Wheeler, D.—GH2 
White, A.P.—HH1 
White, C.T.—JJ7 
White, N.E.—BI9, BI14 
White, R. —EG 15 
White, R.L.—BI2 
Whitney, R.R.—HF6, HF7 
Whyman, B.—GH7, GH8, HH9, 
HH11, HH12 
Widgoff, M.—GH8, HH9 
Wiedenbeck, M.E.—EI4 
Wiemann, H.—BG5 
Wienke, B.R.—GL13 
Wiggins, R.L.—AJ5 
Wignall, J.W.G.—GH10 
Wiita, P.J.—HI3 
Wijangco, A.—HH2 
Wilcke, W.W.—AE2, AE3, AE4, 
AE8 

Wilde, B.—DEI 
Wildenthal, B.H.—HG11 
Wilkerson, J.F.—GE9, GE10 
Wilkes, R.J.—GH15, Gil2 
Willen, E.—GH2 
Willett, J.B.—Dll, Jill 
Willett, S.J.—JE8 
Williams, G.A.—DL5 
Williams, Gary A.—AL9 
Williams, S.—HH3, HH4 
Williams, T.M.—GG2 
Williamson, C.F.—HF4, HF6, 
HF7 

Wilschut, H.—JE5, JE6, JE7 
Wilson, J.—KF7, KF10 
Wilson, Weldon J.—BH1, DK14 
Windmolders, R.—GH8, HH12 
Winfree, William P. —JJ6 
Winhold, E.J.—GG5 
Winik, M. —GH2, HH8 
Winstein, B.—DH15, DH16 
Winston, R.—DH5, DH6 
Winters, R.R.—EG9, EG11 
Winters, R.W.—EE 10 
Wiringa, R.B.—BE3 
Wise, J.—KF2, KF3 
Wise, J.L.—GK3 
Witherspoon, P. —BA2 
Witmer, Enos E. —BH13 
Wohlfahrt, H.D.—JG7 
Wohn, F.K.—GG10 
Wolf, K.L.—AE2, AE3, AE4, 
AE6, AE7, BG7, BG13, BG14, 
JE1 

Wolfe, D.M.—GH3 
Wolfendale, A.W.—DI6 
Wolfson, J.—AH3, AH4, AH5, 
AH6, AH7, AH8 
Wolin, E.—AH3, AH4, AH5 
Wollersheim, H.J.—AE8 
Wong, C.W.—BH12 
Wong, Cheuk-Yin—EF7 
Wong, L.K.—BK3 
Woo, J.C.—JJ3 
Woo, L.W.—DF9 
Wood, J.L.—AG1, HE4 
Wood, K.—DI8 
Wood, R.M.—HJ10, HJ11 
Woodward, R.—DG1, EE4, JG10 
Woodward, W.F.—GE12 
Woodworth, J.G.—KE9 
Woolverton, H.L.—GE12 
Woosley, S.E.—EB2 
Worral, Diana—AC3 
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Woye, E.—GE8 
Wozniak, G.J.—AE5, AE13, 
AE15 

Wright, L.E.—HF11 
Wu, C.Y.—JG9, KF12 
Wu, J.R.—BG8, BG11, DF6, 
GG3, JF6, JF11, JF16, KE1, 
KE4 

Wu, Y.—GH8 
Wylie, W.—GE10 

Xing, Luo de—EG2 

Yam, Z. Bar—GH2 
Yamada, H.—BG9, BG11, JG10 
Yamaguchi, A.—AH9, AH 10, 
AH11, AH12 


Yamaji, S.—GF13 

Yamamoto, R.—HH9 

Yamaya, T.—DG9, EE12, JE9 

Yang, N.C.—GH10 

Yater, Joseph C.—AJ12 

Yates, S.W.—EG4, EG5 

Yazaki, K.—GF13 

Yeh, T.R.—AG12 

Yentis, D.J.—DI8 

Yergin, P.—GG5 

Ying, Chen—EG2 

Yntema, J.L.—EE 13, EE 15, JE13 

Yoh, J.—EH 10, EH 11 

Yokosawa, A.—GH12, GH13 

York, R.—GG14 

Yost, G.P.—AH3, AH4, AH5 

Young, D.A.—GK4 


Young, G.R.—BG9, BG10, BG11, 
DG2, JG9 
Young, J.P.—AG11 
Young, J.S.—Ell, EI2 
Young, P.J.—JB1 
Youngblood, D.H.—KE3 
Yount, D.E.—EH9 
Yun, Zhu Sheng—EG2 
Yurke, B.—EL5 
Yuta, H.—AH9, AH 10, AH 11, 
AH 12 


Zabel, T.H.—KF13 
Zaetz, V.G.—AH6, AH7, AH8 
Zafiratos, C.D.—DF11 
Zajc, W.—BG3 


Zajc, W.A.—BG2 
Zamick, L.—HE1 
Zamick, Larry—HE9 
Zankel, H.—DE15 
Zdarko, R.—GG14 
Zeiberg, S.L.—DB1 
Zeise, E.K.—AL6 
Zenchenko, V.—DI9 
Ziegler, N.F.—EE1 
Zielinska-Pfabe, M.—EF2, EF10, 
EF11 

Zimmerman, G.O.—AL8, EL 13 
Zimmerman, Peter D.—HF6, HF7 
Zirin, H.—Jill 
Zisman, M.S.—EF8 
Zolnowski, D.R.—AG2, BG12 
Zylicz, J.—AG1 
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1980 SPRING MEETING OF THE AMERICAN PHYSICAL SOCIETY 
SOCIETY OF PHYSICS STUDENTS PROGRAM 


SPS INVITED LECTURE 

Monday afternoon, 28 April 1980; Baltimore Room, Sheraton Washington Hotel at 1:00 P.M.; Dion W.J. Shea, presiding 

Einstein-Psyche and Scientific Program. PAUL FORMAN, Smithsonian Institution, Washington, DC 20560. (45 min.) 

Causality is presented as a key to Einstein's scientific thought and per¬ 
sonality, a thread which can be followed from his youth to old age. At 
the same time, one can see that we have been misled by the revolutionary 
results of Einstein's scientific work. He, himself, and his scientific 
program were conservative rather than revoluntionary. 

SPS INVITED LECTURE 

Tuesday afternoon, 29 April 1980; Baltimore Room, Sheraton Washington Hotel at 1:00 P.M.; Dion W.J. Shea, presiding 

Principles of Tunable Lasers. 

HAROLD J. METCALF, Dept, of Physics, S. U.N. Y. at Stony Brook, Stony Brook, NY 11794. (45 min.) 

Undergraduate level quantum mechanics and optics provide the basis for under¬ 
standing the operating principles of lasers. Application of these concepts 
provides an adequate understanding of laser tunability, bandwidth, and other 
parameters. Specific examples will be discussed in detail. 

SPS INVITED LECTURE 

Wednesday afternoon, 30 April 1980; Baltimore Room, Sheraton Washington Hotel at 1:00 P.M.; Dion W.J. Shea, presiding 

Physics Applied to Alternative Georesource Energy Supplies. 

WILLIAM J. CARTER, In Situ Sciences, Los Alamos Scientific Laboratory, Los Alamos, NM 87545. (45 min.) 

The supply shocks of the 70's with their serious impacts on national defense 
and economic stability have forced our nation to seek new sources of energy 
in order to meet its near-to-mid-term requirements. Although fusion, solar 
and perhaps other technologies show promise for the future, of most immediate 
appeal are the vast but low-grade geological deposits of oil shale, tar sands 
and heavy crudes, unconventional natural gas, unmineable coal, or geothermal 
potential. Recovery technology for such exotic georesources is at best crude; 
therefore the unique opportunity exists to apply modern high technology to the 
design of these major new industries, and multi-disciplinary teams of physicists, 
chemists, geologists, engineers and systems analysts are required to solve 
the challenging technical problems of exploration, extraction and processing 
fn an environmentally and economically acceptable manner: of particular 
importance is the development, In Situ recovery techniques in turn requiring 
development of advanced instrumentation for remote interrogation of resource 
potential and geologic parameters, permeability enhancement or alteration 
techniques for tight geological deposits and an understanding, from a pre¬ 
dictive statistical standpoint, of the flow of fluids through these non- 
darcyian reservoirs. 


The Registration Desk for the Society of Physics Students will be in the Director’s Room near the West Lobby Registration 
Area at the Shoreham-Americana Hotel. 
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1980 SPRING MEETING OF THE 
NEW YORK STATE SECTION 
Ithaca, New York 
11-12 April 1980 

The Spring meeting of the New York State 
Section of the American Physical Society 
will be held 11-12 April 1980, at Cornell 
University, Ithaca, New York. This meet¬ 
ing, which will be on the subject of“Syncro- 
tron Radiation and Its Application,” is the 
42nd in a series of tutorial symposia intend¬ 
ed for nonspecialists. The program is ar¬ 
ranged to cover subjects ranging from the 
physics of storage rings and techniques of 
utilizing the radiation to its application in 
studies of surface and bulk properties of so¬ 
lids. In addition, there will be talks on novel 
uses of storage rings for the generation of 
stimulated radiation and x-ray lithography. 
For further information, please contact Dr. 
Fred L. Wilson, NTID, Rochester Institute 
of Technology, Rochester, NY 14623.■ 


TOPICAL CONFERENCE ON 
PHYSICS IN THE AUTOMOTIVE 
INDUSTRY 
Detroit, Michigan 
15-16 May 1980 

The conference, to be sponsored by the 
American Physical Society, the American 
Association of Physics Teachers, the local 
automotive companies, and Michigan State 
University, Montana State University, and 
Wayne State University will be centered at 
the Engineering Society of Detroit, Detroit, 
Michigan and will take place 15-16 May 
1980. It will consist of a series of talks pri¬ 
marily by physicists from the local auto¬ 
motive industry and a tour of Ford or Gen¬ 
eral Motors research laboratories. 

Besides introducing the relevant physics, it 
is hoped that the conference will enhance 
the interaction between Industrial and Uni¬ 
versity researchers and that university per¬ 
sonnel will capture something of the re¬ 
search atmosphere in this industry. The 
conference should be of interest to research 
students contemplating future industrial 
employment, faculty who are frequently 


1980 SPRING MEETING OF THE 
NEW ENGLAND SECTION 
Kingston, Rhode Island 
18-19 April 1980 

The 1980 Spring Meeting of the New Eng¬ 
land Section will be held on 18-19 April at 
the University of Rhode Island, Kingston, 
RI. This will be a joint meeting with the 
New England Sections of the American As¬ 
sociation of Physics Teachers and the Soci¬ 
ety of Physics Students. 

The Friday afternoon tutorial session will 
survey recent developments in physical 
oceanography. This session will be held at 
the Narragansett Bay Campus of the Uni¬ 
versity. A Saturday morning tutorial session 
will discuss physics in one and two 
dimensions. 

Short contributed papers on any subject are 
welcome. The deadline for submission of ab¬ 
stracts is 4 April 1980. For further informa¬ 


asked about employment in industry, and to 
those actively pursuing or contemplating re¬ 
search in allied areas. Participants will have 
considerable opportunity for interaction at 
the personal level with industrial personnel. 

If you would like your name on the list for 
further details in future mailings, please 
contact Professor Daniel R. Gustafson, De¬ 
partment of Physics, Wayne State Universi¬ 
ty, Detroit, MI 48202. ■ 

INTERNATIONAL CONFERENCE 
ON ORDERING IN TWO 
DIMENSIONS 
Lake Geneva, Wisconsin 
28-30 May 1980 

The purpose of the Conference is to provide 
a forum for the interaction of specialists in 
the fields of physical and chemical absorp¬ 
tion, intercalated compounds, superfluid 
and superconducting thin films, liquid crys¬ 
tals, spread monolayers, and membranes. 
The unifying theme will be phase transitions 
and thermodynamic properties in two 
dimensions. 


tion, contact S.V. Letcher, Department of 
Physics, University of Rhode Island, Kings¬ 
ton, RI 02881 (401-792-2638). ■ 

1980 SPRING MEETING OF THE 
OHIO SECTION 
Toledo, Ohio 
9-10 May 1980 

The University of Toledo Department of 
Physics and Astronomy will host the Spring 
Meeting of the Ohio Section on 9-10 May 
1980. The symposium topic is “Develop¬ 
ments in Elementary Particle Physics.” The 
program of invited speakers is not yet com¬ 
plete, but will include talks by John C. 
Vander Velde, University of Michigan, on 
“Decay of the Proton under Lake Erie” and 
by Bennet B. Brabson, Indiana University, 
on “Hadronic Production of Beauty.” The 
Meetings and the Friday evening banquet 
will be held in the new'Continuing Educa¬ 
tion Center of The University of Toledo. 
Contributed papers on research, teaching of 
physics, and physics and society are solicit¬ 
ed. All abstracts of contributed papers must 
be in the standard form and be sent to the 
local Chairman, Dr. David G. Ellis, Depart¬ 
ment of Physics and Astronomy, The Uni¬ 
versity of Toledo, 2801 West Bancroft 
Street, Toledo, Ohio 43606 so as to reach 
him by 8 April 1980.B 


The conference will be divided into five ses¬ 
sions for invited talks and two poster ses¬ 
sions for contributed papers. Papers will be 
accepted in the following areas: 

electron, x-ray, neutron and atomic 
beam diffraction, and light beam 
scattering applied to two-dimension¬ 
al systems and surfaces; 

molecular dynamics simulations; 

thermodynamic, transport, and oth¬ 
er measurements on these systems; 

theoretical developments in the area 
of ordering and phase transitions in 
two dimensions. 

The official language for the Conference will 
be English. Both invited and contributed pa¬ 
pers will be published as the Proceedings of 
the Conference, after they have been refer¬ 
eed. The deadline for the submission of ab¬ 
stracts has passed, and camera ready copy 
should be received by 18 April 1980. 

The Conference is being organized by B.M. 
Abraham (Argonne National Lab), M. 
Bretz (Michigan State University), M.B. 
Brodsky (Argonne National Lab), M.W. 
Cole (Pennsylvania State University), S. 
Doniach (Stanford University), P.M. Horn 
(IBM), J.B. Ketterson (Northwestern Uni¬ 
versity), U. Landman (Georgia Institute of 
Technology), J.P. McTague (UCLA), L. 
Passel (Brookhaven National Lab), M. 
Schick (University of Washington), S.K. 
Sinha (Argonne National Lab), P.D. Va- 
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shishta (Argonne National Lab). It is being 
sponsored by the Argonne National Labo¬ 
ratory and the Argonne Universities 
Association. 

Lodging and meals will be available at the 
conference site, the Abbey Hotel and Con¬ 
ference Center at Lake Geneva, Wisconsin. 
To receive additional information contact 
the Conference Chairman, Dr. S.K. Sinha, 
Solid State Science Division, Argonne Na¬ 
tional Laboratory, Argonne, Illinois 60439, 
USA. Phone 312-972-5493. ■ 


CONFERENCE ON THE CHEMIS¬ 
TRY AND PHYSICS OF COAL 
UTILIZATION 

Morgantown, West Virginia 
2-4 June 1980 

The Conference on the Chemistry and Phys¬ 
ics of Coal Utilization will take place at the 
Lakeview Inn and Country Club in Mor¬ 
gantown, West Virginia from Monday, 2 
June through Wednesday, 4 June 1980. The 
host institution will be West Virginia Uni¬ 
versity. The Conference will center on the 
physics and chemistry phenomena involved 
in coal utilization, including the chemistry 
and physics of coal itself. In addition to in¬ 
vited talks and panel discussions, there will 
be poster sessions for contributions. The 
Proceedings will be published in Advances in 
Chemistry. 

Among the areas to be covered in the confer¬ 
ence are physics and chemistry research per¬ 
tinent to coal mining, preparation, process¬ 
ing, and characterization, to emission 
control and other environmental aspects, 
and to material problems in coal utilization. 
Topics of interest include the phenomena in¬ 
volved in liquefaction, gasification, and di¬ 
rect combustion (especially advanced power 
generation techniques such as MHD), and 
work in associated areas, such as catalysis 
and instrumentation, required for the suc¬ 
cess of these technologies. There will also be 
some talks discussing the bridging to engi¬ 
neering systems aspects and some tutorial 
introductory talks. 

The Program Committee consists of B.R. 
Cooper (West Virginia University), C. Alex¬ 
ander, Jr. (University of Alabama), Y. Chen 
(Oak Ridge National Laboratory), A. Davis 
(Pennsylvania State University), W.A. Ell- 
ingson (Argonne National Laboratory), J. 
Gethner (Exxon Research and Engineering 
Co.), C.L. Herzenberg (Argonne National 
Laboratory), W.D. Jackson (Energy Con¬ 
sulting, Washington, D.C.), I.S. Jacobs 
(General Electric Research and Develop¬ 
ment Center), T.J. O’Brien (Morgantown 
Energy Technology Center), R.B. Oder 
(Gulf Research and Development Com¬ 
pany), L. Petrakis (Gulf Research and De¬ 
velopment Company), H.L. Retcofsky 
(Pittsburgh Energy Technology Center), 
P.C. Scott (U.S. Department of Energy), 


P.G. Shewmon (Ohio State University), M. 
Siskin (Exxon Research and Engineering 
Company), S.E. Stein (West Virginia Uni¬ 
versity), P.L. Walker, Jr. (Pennsylvania 
State University), D.D. Whitehurst (Mobil 
Technical Center), W.H. Wiser (University 
of Utah), D.E. Woodmansee (General Elec¬ 
tric Research and Development Center). 

The registration fee for the conference is 
$80.00. Accommodations are available at 
the Lakeview Inn. Present prices are $42.00 
single and $46.00 double. Also shuttle bus 
service will be provided to other motels for 
those desiring lower priced housing. 

The deadline for submission of contributed 
abstracts has passed. For further informa¬ 
tion, please write to Bernard R. Cooper, De¬ 
partment of Physics, West Virginia Univer¬ 
sity, Morgantown, West Virginia 26506.B 


FORTIETH PHYSICAL ELEC¬ 
TRONICS CONFERENCE 
Cornell University, Ithaca, 

New York 
16-18 June 1980 

The Fortieth Physical Electronics Confer¬ 
ence will be held at Cornell University, Itha¬ 
ca, N.Y., 16-18 June 1980. The conference 
is sponsored by the American Physical Soci¬ 
ety (Divisions of Condensed Matter Physics 
and Electron and Atomic Physics). It is or¬ 
ganized by the Physical Electronics Confer¬ 
ence Committee: H.D. Hagstrum, General 
Chairman, T.N. Rhodin and R.P. Merrill, 
Local Co-chairmen, C.R. Brundle, J.W. 
Gadzuk, P.J. Feibelman, D.R. Hamann, 
J.E. Houston, L.H. Jenkins, and M.B. 
Webb. 

The conference committee invites the sub¬ 
mission of experimental and theoretical pa¬ 
pers concerned with the physics and chemis¬ 
try of solid surfaces and interfaces. Such 
papers may relate to electronic, crystallo¬ 
graphic, or chemical structure of surfaces 
and interfaces as obtained by electron dif¬ 
fraction and by various optical and electron 
spectroscopies. Both the static and dynamic 
properties of surfaces, which are clean or in¬ 
corporate known foreign atoms, are of inter¬ 
est. Papers which present new methods of 
surface analysis and characterization are 
also acceptable. 

It is the intention of the organizing commit¬ 
tee to continue the policy of limiting the 
number of papers to that which can be ac¬ 
commodated in a three-day conference with 
ample time for presentation and discussion. 
Papers to be presented will be selected on the 
basis of the submitted abstract according to 
the criteria which have guided the confer¬ 
ence in the past. An announcement of the 
meeting including a detailed statement of 
paper selection criteria and other pertinent 
information will be sent to the conference 
mailing list and is available to anyone upon 
request to the local chairmen. 


Abstracts submitted for consideration must 
be received by Friday, 25 April 1980; they 
should be sent to T.N. Rhodin, 217 Clark 
Hall, Cornell University, Ithaca, N.Y. 
14853, telephone (607)256-4068. Inquiries 
relative to the conference may be directed 
either to Rhodin or to R.P. Merrill, Dept, of 
Chemical Engineering, Cornell, whose tem¬ 
porary address during the spring term be¬ 
fore the meeting will be Dept, of Chemical 
Engineering, California Institute of Tech¬ 
nology, Pasadena. ■ 


INTERNATIONAL TOPICAL CON¬ 
FERENCE ON THE PHYSICS OF 
MOS INSULATORS 
Raleigh, North Carolina 
18-20 June 1980 

An International Topical Conference on the 
Physics of MOS Insulators will be held at 
North Carolina State University, Raleigh, 
N.C. from 18-20 June 1980. This is a topical 
conference sponsored by the American 
Physical Society and the Electronic Materi¬ 
als and Processing Division of the American 
Vacuum Society. 

This conference is a follow-on to the Inter¬ 
national Topical Conference on the Physics 
of Si0 2 and Its Interfaces, held at Yorktown 
Heights, N.Y., 22-24 March 1978. The sub¬ 
ject matter of this conference is expanded to 
include the physics and chemistry of all ox¬ 
ides and insulators relevant to MOS device 
technology with emphasis on Si0 2 and di¬ 
electrics compatible with compound semi¬ 
conductors. The focus of the conference will 
be on fundamental properties of these mate¬ 
rials in all their forms; single crystals, bulk 
glasses, as well as thin films. Questions that 
relate to oxide growth, atomic structure and 
stoichiometry, particularly at the semicon¬ 
ductor interface, electronic structure, 
chemical bonding including bulk and inter¬ 
face defects, spectroscopy, vibrational and 
thermal properties, transport, and impuri¬ 
ties will be included in the program. Sub¬ 
jects specifically related to the manufacture 
and performance of devices will not be 
addressed. 

The objective of the present conference re¬ 
mains to bring together physicists, chemists, 
engineers and other scientists, who have 
been studying oxides and other insulators 
relevant to semiconductor technology, to 
share their ideas and thoughts on the funda¬ 
mental aspects of this field. As such this con¬ 
ference is intended to provide a forum for 
the presentation of basic studies on oxides 
and interfaces, which would serve to com¬ 
plement other conferences that cover main¬ 
ly technological aspects. 

The program will include both invited and 
contributed papers to be selected by an Or¬ 
ganizing Committee consisting of G. Lu- 
covsky, (Chairman), D.E. Aspnes, R.S. 
Bauer, B.E. Deal, D. Emin, F.L. Galeener, 
D.L. Griscom, T.W. Hickmott, J.D. Joan- 
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nopoulos, M.A. Littlejohn, R.K. Mac- 
Crone, S.T. Pantelides, P.J. Stiles, and H.H. 
Wieder. This Committee will seek the ad¬ 
vice and council of an International Adviso¬ 
ry Committee whose members include N.F. 
Mott (England), G.G. Roberts (England), 
W.E. Spicer (USA), J. Stuke (Germany), T. 
Sugano (Japan), and J.T. Wallmark (Swe¬ 
den). There will be no parallel sessions. Ab¬ 
stracts will appear in the Bulletin of the 
American Physical Society , and the proceed¬ 
ings will be published. An announcement of 
how copies of the proceedings may be ob¬ 
tained will be published as soon as publica¬ 
tion arrangements are completed. 

The deadline for submission of abstracts has 
passed. Inquiries about the conference 
should be sent to Dr. G. Lucovsky, Confer¬ 
ence Chairman, Department of Physics, 
North Carolina State University, Raleigh, 
N.C. 27650. There will be a registration fee 
of $85 which will entitle the participant to 
attend the conference dinner and to receive 
a copy of the proceedings.® 


CONFERENCE ON DETERMINA¬ 
TION OF SURFACE STRUCTURE 
BY LEED 

Yorktown Heights, New York 
19-20 June 1980 

A conference on the determination of sur¬ 
face structure on the atomic scale by analy¬ 
sis of low-energy electron diffraction 
(LEED) intensity measurements is planned 
for 19-20 June 1980 to be held at the IBM 
Thomas J. Watson Research Center, York¬ 
town Heights, N.Y. The general theme is an 
assessment of the present status and future 
prospects of the LEED technique for evalu¬ 
ating geometrical parameters of atoms in 
surface layers. Papers are welcome which 
discuss any aspect of the structure problem, 
including the calculation of diffraction in¬ 
tensities, the determination of best-fit pa¬ 
rameters, the use of reliability factors, the 
limits of accuracy set by measurement er¬ 
rors, by coherence length effects, by errors 
in the assumed scattering potentials, etc. 
The aim is to examine questions of efficiency 
and accuracy in the structure determination 
process, rather than to present new struc¬ 
tures. International attendance is expected. 
A proceedings is planned which will allow 
full presentation of various approaches. 

The Organizing and Program Committee 
consists of P.M. Marcus (IBM Research), F. 
Jona (State University of New York at 
Stony Brook), S.Y. Tong (University of 
Wisconsin, Milwaukee), M. Van Hove 
(University of California, Berkeley), D. Ha- 
mann (Bell Laboratories), M.G. Lagally 
(University of Wisconsin, Madison), H.L. 
Davis (Oak Ridge National Laboratory), J. 
Demuth (IBM Research), J. Pendry (Dares- 
bury Laboratory, England), and R. Feder 
(Julich, Germany). 


Further information on the program and lo¬ 
cal arrangements can be obtained from P.M. 
Marcus, IBM Thomas J. Watson Research 
Center, Yorktown Heights, N.Y. 10598 or 
F. Jona, Materials Science Department, 
SUNY at Stony Brook, Stony Brook, N.Y. 
11794.® 


FIFTH INTERNATIONAL CONFER¬ 
ENCE ON SPECTRAL LINE 
SHAPES 
West Berlin 
7-11 July 1980 

The Fifth International Conference on 
Spectral Line Shapes will be held in the Con¬ 
gress Hall in Berlin (West) from 7-11 July 
1980. It continues the series of conferences 
held every second year alternately in Europe 
and North America (Paris—1973, Or¬ 
egon-1974, London—1976, Windsor- 
1978). 

The conference is jointly sponsored by the 
International Union of Pure and Applied 
Physics, Deutsche Physikalische Gesell- 
schaft, Physikalisch-Technische Bundesan- 
stalt, Der Senat von Berlin, and the Ameri¬ 
can Physical Society. As in the past, the to¬ 
pics of the conference consist of physical 
processes associated with the formation of 
the spectral line profiles ^s observed in ab¬ 
sorption, in emission, and by scattering of 
radiation by plasmas and neutral gases. Em¬ 
phasis will be placed on new experimental 
and theoretical results and on the discussion 
of current problems and future possibilities 
stimulated by modem theoretical and ex¬ 
perimental techniques as, for example, given 
by laser applications. The program will con¬ 
sist of invited and contributed papers and 
will include talks by users of line broadening 
phenomena, mainly in the fields of plasma 
diagnostics and astrophysics. 

The deadline for the abstracts of contributed 
papers is 1 May 1980, and it is planned to 
publish the conference proceedings. The in¬ 
ternational program committee consists of 

B. Wende, Chairman (Physikalisch-Tech¬ 
nische Bundesanstalt, Institut Berlin), W.E. 
Baylis (University of Windsor, Canada), A. 
Ben Reuven (University of Tel Aviv), D.D. 
Burgess (Imperial College, London), R.J. 
Exton (NASA-Langley Research Center), 

C. F. Hooper (University of Florida), H. van 
Regemorter (Observatoire de Paris), D. 
Voslamber (EURATOM-CEA, France), 
and W.L. Wiese (National Bureau of Stan¬ 
dards). For further information, write to 5th 
ICSLS, PTB, Institut Berlin, Abbestrasse 2- 
12, 1000 Berlin (West), Germany.® 


FIFTH INTERNATIONAL SYMPO¬ 
SIUM ON POLARIZATION PHE¬ 
NOMENA IN NUCLEAR PHYSICS 
Santa Fe, New Mexico 
11-15 August 1980 
The Fifth International Symposium on Po¬ 


larization Phenomena in Nuclear Physics 
will be held at the Sweeney Convention Cen¬ 
ter in Santa Fe, New Mexico on 11-15 Au¬ 
gust 1980 and will be hosted by the Los Ala¬ 
mos Scientific Laboratory. The Symposium 
is sponsored by the American Physical Soci¬ 
ety, the International Union of Pure and 
Applied Physics, and the U.S. Department 
of Energy, and the LJ.S. National Science 
Foundation. Previous conferences in this se¬ 
ries were held at Zurich, Madison, Karls¬ 
ruhe, and Basel. The continuing strong in¬ 
terest in the spin dependence of the hadronic 
interaction should make this fifth sympo¬ 
sium an exciting one. 

The earliest conference in this series empha¬ 
sized polarized-beam and target technology 
together with the experimental techniques 
associated with their use. Later ones empha¬ 
sized more and more the study of nuclei 
with the aid of these devices and techniques. 
In the present symposium, the emphasis will 
be still more on physics, as opposed to tech¬ 
nology, with a stronger emphasis on medi¬ 
um and high energy nuclear and particle 
physics than in past conferences. It is be¬ 
lieved that a common interest, basically 
stemming from experimental techniques, 
will help to unify the low, medium, and high 
energy fields. 

A registration fee of $95 will entitle the reg¬ 
istrant to a copy of the conference proceed¬ 
ings, a book of abstracts furnished at the be¬ 
ginning of the conference, and a yet to be 
determined social activity such as a banquet 
or excursion. An additional $10 will be 
charged if the registration payment is made 
after 1 August 1980. Students may register 
for a reduced fee of $70. It is intended to 
publish the contributed as well as the invited 
papers in the proceedings in the AIP Con¬ 
ference Series. 

As the center of a major tourist area, Santa 
Fe will offer conference attendees a variety 
of entertaining and educational activities, 
such as the Indian Market and the Santa Fe 
Opera, to mention only two. 

For further information, contact Gerald G. 
Ohlsen, Los Alamos Scientific Laboratory, 
Mail Stop 456, Los Alamos, NM 87545. ■ 


SYMPOSIUM ON LASER PHOTO¬ 
CHEMISTRY IN LARGE MOLE¬ 
CULES AND SOLIDS 
San Jose, California 
20-22 August 1980 

A symposium on Laser Photochemistry in 
Large Molecules and Solids will be held at 
the IBM Research Laboratory, San Jose, 
California, on 20-22 August 1980. The con¬ 
ference is jointly sponsored by the Chemical 
Physics Division of the American Physical 
Society, the Division of Physical Chemistry 
of the American Chemical Society, the In¬ 
ter-American Photochemical Society, and 
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the IBM Corporation. The conference just 
precedes the San Francisco American 
Chemical Society meeting at which sympo¬ 
sia on State-to-State Chemistry are being 
organized. 

The objective of the symposium is to bring 
together photochemists and laser spectros- 
copists for discussions directed toward 
highlighting key photochemical problems 
that laser spectroscopists should address 
and finding areas in which laser techniques 
can provide information that cannot be ob¬ 
tained by other means. The conference will 
focus primarily on laser photochemical pro¬ 
cesses that involve bond formation, destruc¬ 
tion, rearrangement or isomerization. 
Among the topics being considered for in¬ 
clusion in the conference are chemical syn¬ 
thesis with lasers, spectroscopy of reactive 
intermediates, photochemical spectral hole 
burning, picosecond photochemistry, and 
infrared laser photochemistry. 

The organizing committee consists of D.M. 
Burland, A.C. Luntz, and J.D. Swalen. 
Members of the program advisory commit¬ 
tee are A.C. Albrecht, M.A. El-Sayed, R.M. 
Hochstrasser, C.B. Moore, P.M. Rentzepis, 
N.J. Turro, and R.N. Zare. 

The conference will consist of invited and 
contributed papers. The deadline for sub¬ 
mitting abstracts of contributed papers is 20 
June 1980. Information concerning the con¬ 
ference may be obtained from D.M. Bur- 
land, IBM Research Laboratory, K32/281, 
5600 Cottle Road, San Jose, CA 95193. ■ 


INTERNATIONAL CONFERENCE 
ON NUCLEAR PHYSICS 
Berkeley, California 
24-30 August 1980 

An International Conference on Nuclear 
Physics will be held on the University of 
California campus, Berkeley, California 
from 24—30 August 1980. It is sponsored by 
the International Union of Pure and Ap¬ 
plied Physics, the American Physical Soci¬ 
ety, the United States Department of Ener¬ 
gy, the National Science Foundation, and is 
hosted by the University of California, 
Berkeley, and the Lawrence Berkeley 
Laboratory. 

Invited talks will cover nucleon-nucleon in¬ 
teractions, free and in nuclei; giant reson¬ 
ances and other high lying excitations; nu¬ 
clei at high angular momentum and at large 
deformation; nuclear shapes and moments; 
low- and high-energy heavy-ion reaction 
mechanisms; exotic nuclei and exotic 
probes; pion absorption and scattering by 
nuclei; nuclear applications; and new instru¬ 
mentation and new accelerators. The offi¬ 
cial language of the Conference will be Eng¬ 
lish. One-page abstracts on these or other 
topics in nuclear physics, written in English, 
must reach the Conference secretaries no 
later than 1 April 1980. 


More detailed information on the Confer¬ 
ence and instructions for the submission of 
contributions was given in a second circular 
mailed in January 1980. Inquiries concern¬ 
ing the Conference or requests for the sec¬ 
ond circular should be directed to ICNP, 
Lawrence Berkeley Laboratory, 94720 or to 
the Conference Co-secretaries, J.O. Ras¬ 
mussen or R.M. Diamond at the same ad¬ 
dress. ■ 


1980 APPLIED SUPERCONDUC¬ 
TIVITY CONFERENCE 
Santa Fe, New Mexico 
29 September-2 October 1980 

The 1980 Applied Superconductivity Con¬ 
ference will be held in Santa Fe, New Mexi¬ 
co 29 September-2 October 1980. The meet¬ 
ing is being organized under the auspices of 
the American Physical Society and the 
IEEE Magnetics Society. The Conference 
Chairman is William E. Keller of the Los 
Alamos Scientific Laboratory and the Pro¬ 
gram Chairman is Alan F. Clark of the Na¬ 
tional Bureau of Standards. The meeting 
will include both oral and poster presenta¬ 
tions devoted to (1) superconducting mate¬ 
rials and composite conductors, (2) electri¬ 
cal rotating machinery, (3) power 
transmission, (4) magnet technology (mag¬ 
nets for CTR MHD, energy storage, etc.), 
(5) accelerator and high-energy physics de¬ 
vices, (6) microwatt applications (Joseph- 
son junctions, etc.), and (7) other topics. 

Participation in the Conference from 
abroad will continue to be strongly encour¬ 
aged, with invited speakers from overseas 
reviewing major projects. The proceedings 
of the Conference will again be published as 
an issue of IEEE—Transactions on 
Magnetics. 

An Industrial Exhibit is planned for this 
meeting. Potential exhibitors should con¬ 
tact the Exhibits Chairman: Robert H. 
Remsbottom, Instrumentation Systems 
Center, University of Wisconsin, 1500 
Johnson Drive, Madison, Wisconsin 53706, 
[telephone: (608) 263-1631]. 

To receive further announcements or infor¬ 
mation, please contact the Conference 
Chairman: William E. Keller, Los Alamos 
Scientific Laboratory, P.O. Box 1663, MS 
764, Los Alamos, New Mexico 87545, [tele¬ 
phone: (505) 667-4838]. 

Questions concerning the program should 
be directed to the Program Chairman: Alan 
F. Clark, Thermophysical Properties Divi¬ 
sion, National Bureau of Standards, Boul¬ 
der, Colorado 80302, [telephone: (303) 499- 
1000, X3253]. 

The Conference will be held at the Sweeney 
Convention Center. Accommodations will 
be available at the Conference hotel, the 
Santa Fe Hilton, and other local hotels. ■ 


THIRTY-THIRD ANNUAL GAS¬ 
EOUS ELECTRONICS 
CONFERENCE 
Norman, Oklahoma 
7-10 October 1980 

The Thirty-Third Annual Gaseous Elec¬ 
tronics Conference will be held on 7-10 Oc¬ 
tober at the Oklahoma Center for Continu¬ 
ing Education on the main campus of the 
University of Oklahoma in Norman. The 
University of Oklahoma will serve as host. 
The meeting is a topical conference of the 
American Physical Society and is sponsored 
by the Division of Electron and Atomic 
Physics. 

The Gaseous Electronics Conference invites 
papers on basic phenomena and collisional 
and plasma processes in ionized gases. Spe¬ 
cifically, the role of such fundamental pro¬ 
cesses in electric discharges, arcs, gas lasers, 
and atmospheric phenomena is considered 
to be within the scope of the conference. Pa¬ 
pers that are devoted to specific devices or 
engineering applications lie outside the 
scope of the conference unless the physics of 
the problem constitutes the major part of the 
work and is clearly indicated in the abstract. 
Likewise, collision phenomena concerned 
primarily with high-energy (above 1 keV) 
processes are not regarded as appropriate 
subject matter for the conference. However, 
those papers in which high-energy collisions 
are important to understanding basic pro¬ 
cesses of gaseous electronics will be 
considered. 

The deadline for abstracts of regular papers 
is 1 August 1980. In addition to the regular 
papers it is planned to have a number of con¬ 
tributed “long papers’’ of special signifi¬ 
cance (approximately 20 min each) included 
in the program. Abstracts of the long papers 
must be received by the Secretary of the con¬ 
ference no later than 11 July 1980. Detailed 
information concerning the procedure of 
submission of abstracts of long papers may 
be obtained from the Secretary of the confer¬ 
ence. The conference format also will in¬ 
clude workshops on topics of special current 
interest in the study of ionized gas 
phenomena. 

Abstracts and inquiries should be addressed 
to the Secretary of the Conference: Profes¬ 
sor R.M. St. John, Department of Physics 
and Astronomy, University of Oklahoma, 
440 W. Brooks, Norman, OK 73019.B 


SIXTH CONFERENCE ON THE AP¬ 
PLICATION OF ACCELERATORS 
IN RESEARCH AND INDUSTRY 
North Texas State University 
3-5 November 1980 

The Sixth Conference on the Application of 
Accelerators in Research and Industry will 
be held in Denton, Texas 3-5 November 
1980. Funding for the conference has been 
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requested from DOE, NSF, NBS, and the 
BRH. The proceedings of the conference 
will be published by IEEE Transactions on 
Nuclear Sciences in April 1981. The confer¬ 
ence has been accepted as a topical confer¬ 
ence by the American Physical Society and 
the abstracts of both the invited and contrib¬ 
uted papers will be published in the Septem¬ 
ber 1980 issue of the Bulletin. The deadline 
for receiving abstracts for both the invited 
and contributed papers is 1 July 1980. The 
conference is being organized by North Tex¬ 
as State University and the University of 
Texas. 

The purpose of the conference is to review 
current research and the wealth of industrial 
applications that are in progress with accel¬ 
erators throughout the world. The confer¬ 
ence is composed of two symposia which 
run in parallel. These are the Research Sym¬ 
posium and the Industrial Applications of 
Accelerators. Some of the sessions, which 
are of general interest, will be held common 
to both groups. Participants can easily inter¬ 
change between the two symposia. Invited 
papers will be given and contributed papers 
accepted in the following areas: atomic 
physics and related phenomena, trace and 
surface analysis with ion beams, electron 
beam processing, nuclear physics, CTR and 
surface phenomena, neutron activation 
analysis and bulk analysis with accelerators, 
radiological safety aspects of accelerators, 
ion implantation with particular emphasis 
on solar cell development, semiconductors 
and metallurgical applications, geosciences 
and related phenomena, accelerator and 
component design and automation, tar- 
getry, detectors and electronics, medical ap¬ 
plications with accelerators, biological and 
chemical applications, material analysis 
with ion beams, channeling, stopping pow¬ 
er, and radiation effects. 

Most of the contributed papers will be pre¬ 
sented in the poster session which will be set 
up at the beginning of the conference and 
terminated on the last day. Designated 
times will be assigned for the participants to 
be present at their poster station. All coffee 
breaks and snacks will be served in the large 
poster session room to encourage viewing of 
the poster displays during the conference. 


Further information, application blanks, 
manuscript materials, and other conference 
information can be obtained by contacting 
Jerome L. Duggan, Physics Department, 
North Texas State University, Denton, Tex¬ 
as 76203, (817)788-2626. ■ 


TWENTY-SIXTH ANNUAL CON¬ 
FERENCE ON MAGNETISM AND 
MAGNETIC MATERIALS 
Dallas, Texas 
11-14 November 1980 

The Twenty-Sixth Annual Conference on 
Magnetism and Magnetic Materials will be 
held at the Dallas Hilton, Dallas, Texas, 11- 
14 November 1980. This topical conference 
is sponsored jointly by the American Insti¬ 
tute of Physics and the Magnetics Society of 
the IEEE in cooperation with the American 
Physical Society, the Office of Naval Re¬ 
search, the Metallurgical Society of the 
AIME, and the American Society for Test¬ 
ing and Materials. The meeting will be open 
to all persons subject to a registration fee of 
about $60 (marked reduction for students). 

The Conference annually brings together 
scientists and engineers interested in recent 
developments in all branches of fundamen¬ 
tal and applied magnetism. Emphasis is tra¬ 
ditionally placed on experimental and theo¬ 
retical research in magnetism, the 
properties and synthesis of new magnetic 
materials, and advances in magnetic tech¬ 
nology. The program will consist of both in¬ 
vited and contributed papers. Selection of 
contributed papers is based on abstracts 
whose submission deadline is 25 July 1980. 
A Program Booklet listing titles and authors 
of all papers selected for presentation at the 
Conference will be distributed prior to the 
Conference. An Abstract Booklet will be 
available in advance of the Conference for a 
fee of $5. Registrants will receive this book¬ 
let at the Conference. The Conference Pro¬ 
ceedings will be published in the Journal of 
Applied Physics. 

Individuals who are not on the Conference 
mailing list may obtain Conference informa¬ 


tion and details concerning the preparation 
of abstracts in the prescribed format by writ¬ 
ing to Dr. Hugh C. Wolfe, American Insti¬ 
tute of Physics, 335 East 45th Street, New 
York, N.Y. 10017. The deadline for receipt 
of abstracts by Dr. Wolfe is 25 July 1980. ■ 


TENTH TEXAS SYMPOSIUM ON 
RELATIVISTIC ASTROPHYSICS 
Baltimore, Maryland 
15-19 December 1980 

The Tenth Texas Symposium is going to be 
held 15-19 December 1980 at the Baltimore 
Hilton, Baltimore, Maryland. The Local 
Organizing Committee consists of F.C. 
Jones and R. Ramaty (co-chairmen), J. 
Backstrom (Maryland Academy of Sci¬ 
ences), D. Brill (Univ. of Maryland), A. Da- 
vidsen (Johns Hopkins), R. Henry (Johns 
Hopkins), S. Maran (GSFC), P. Meszaros 
(GSFC), M. Shapiro (NRL), and V. Trim¬ 
ble (Univ. of Maryland and Univ. Calif. Ir¬ 
vine). The Scientific Organizing Committee 
includes all members of the Local Commit¬ 
tee and W.D. Arnett (Univ. of Chicago), G. 
Burbidge (Kitt Peak), D. Eardley (Yale), I. 
Robinson (Univ. of Texas), J. Silk (Univ. 
Calif. Berkeley), and J. Wheeler (Univ. of 
Texas). As in past Texas Symposia, the 
meeting should consist principally of invited 
papers. However, a series of workshops is 
also planned, and in these contributed pa¬ 
pers can be presented. 

All members of the APS are invited to at¬ 
tend. However, in order to be placed on the 
Symposium mailing list, members should 
write as soon as possible to the local organiz¬ 
ers, F.C. Jones or R. Ramaty, Code 660, 
NASA/Goddard Space Flight Center, 
Greenbelt, MD 20771, indicating their in¬ 
terest in the Symposium. Future informa¬ 
tion on the Symposium program, on the 
workshops, and on local arrangements will 
be sent to all individuals on the mailing list. 
Any member who desires a personal letter of 
invitation should so indicate in his letter to 
the local organizers. ■ 
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I Abstracts 



REVISED INSTRUCTIONS FOR THE SUBMISSION 
OF ABSTRACTS FOR CONTRIBUTED PAPERS: 
REGULAR AND POSTER SESSIONS AS OF 
OCTOBER 1979 


Abstracts of contributed papers to be presented during regular 
or poster sessions of any general, divisional, or sectional meeting 
of The American Physical Society, or at an APS topical confer¬ 
ence, must be submitted for publication in the Bulletin in a form 
suitable for direct photoreproduction in accordance with the 
rules printed below. Compliance with the rules stated below will 
result in speedy publication of your abstract and permit the 
Bulletin to fulfill its useful, dual function as the APS news organ 
and meeting program. Noncompliance will most likely result in 
rejection of the abstract. 

I. Submission of Abstracts 

A. Who may submit an abstract. The privilege of contributing 
papers to meetings of The American Physical Society is restricted 
by the Bylaws to: (1) APS members in good standing (the mem¬ 
ber must sign the abstract in the lower right-hand corner); (2) 
nonmembers whose completed membership application and pay¬ 
ment of the first year’s dues are in the New York office of the 
Society by the time of the deadline of the meeting at which the 
paper is to be presented (the nonmember must sign the abstract 
in the lower right-hand corner); and (3) nonmembers who have 
arranged for a member to sign and submit their abstracts. Each 
such abstract must include this footnote within the abstract 
space: *Submitted by MEMBER’S NAME (the member must 
sign the abstract in the lower right-hand corner). 

B. Where abstracts are to be sent. Send the original abstract and 
two copies to the address given on the inside back cover of the 
Bulletin and in the announcement of each meeting. Please note 
the abstracts for general meetings should be sent to W.W. 

Havens, Jr., at the APS office or to the Regional Secretary desig¬ 
nated to arrange that general meeting. Abstracts for Divisional or 
Sectional meetings, or Topical Conferences should be sent to the 
person designated in the announcement of the meeting. If you 
want to be notified that your abstract has been received, please 
include a stamped, self-addressed postcard with the abstract. 

C. Deadlines. Deadline dates for the receipt of abstracts are 
printed on the inside back cover of the Bulletin and in the an¬ 
nouncement of each meeting. Abstracts received after the an¬ 
nounced deadline will not be accepted or printed. 

II. Presentation 

The first author of a contributed paper submitted for presenta¬ 
tion at an APS meeting is expected to present the paper. Only 
one contributed paper by the same first author will be assigned 
to the regular program of the meeting. Additional papers contri¬ 
buted with the same first author will be assigned to the supple¬ 
mentary program to be given at the discretion of the presiding 
officer if time permits. An individual who contributes more than 
one paper with the same first author must specify (on the same 
page on which the abstract appears) which paper should be as¬ 
signed to the regular program and which paper or papers to the 
supplementary program. Failure to specify will result in an 
arbitrary assignment to the supplementary program. An indivi¬ 
dual can be listed only once as first author on a paper assigned 
to the regular program. 

III. Preparation of an abstract 

A. Size. Since Bulletin copy is prepared by the direct photo¬ 
reproduction (33% reduced in size) of the typescript submitted, 
the abstract should be typed as one indented paragraph using 
elite type, single-spaced, in a column 12.0 cm wide (4| in.) by 
not more than 10.5 cm long (4iin.). Pica type may be used, but 
the space allocated for a single abstract remains the same. This 


space includes title, authors and their affiliations, footnote refer¬ 
ences, etc., in the format shown on the next page. To serve as a 
guide to your typist an outline of the 12 cm X 10.5 cm rectangle 
may be drawn in light blue pencil, since the blue lines will not 
be reproduced in photographic copying. Do not exceed these 
margins. Alternatively, you may obtain preprinted forms, avail¬ 
able in limited quantities and intended to show the format only, 
by sending a stamped, self-addressed envelope with a request for 
the exact number of forms you require to The American Physical 
Society, 335 East 45th St., New York, N.Y. 10017. 

B. Content. The space allotted corresponds to about a 200 word 
abstract for elite type. Within this space, you may place tables, 
equations, line drawings (with lettering at least as large as elite 
type), etc. 

C. Style. Indent the first line 8 spaces for later insertion of the 
abstract number. Begin with the title, using a capital letter to 
start each significant word, and underline the title. Continue 
with the name of the author as it appears in the APS Directory, 
in all capital letters, followed by the condensed name of his in¬ 
stitution, underlined and with initial capital letters. Next comes 
a dash, followed by the text of the abstract. 

D. Special Symbols. If not available on the typewriter, they 
must be clearly written in black ink. Consult the current revised 
edition of the AIP Style Manual (available for $7.50 from the 
American Institute of Physics, 335 East 45th St., New York, 

N.Y. 10017) for standard symbols and abbreviations, style of 
bibliographic references, etc. 

E. Footnotes. Skip one line between the body of the abstract 
and the footnotes. Footnotes to the title and byline are indica¬ 
ted by superscript symbols * f $, and footnotes to the text of 
the abstract by superscript numerals. 

F. Reproducibility. The abstract should be typed on good qual¬ 
ity white paper, using a carbon ribbon. If a carbon ribbon type¬ 
writer is not available, please use a fresh black ribbon with a 
dark setting. Remember that errors, smudges, etc. will be repro¬ 
duced. Experience has shown that erasure and white-out of 
errors sometimes permit the error to reappear in the printed 
copy found in the Bulletin. 

G. Indexing. The abstract form asks for two pieces of informa¬ 
tion to help the organizing committee place the abstract in an 
appropriate session. Please provide (1) the Physics and Astron¬ 
omy Classification Scheme number for the topic of the paper 
(use the “Shortened Version” published periodically in the 
Bulletin ) and (2) an appropriate title for the session in which 
the abstract should be placed (look through the Bulletin issues 
for titles of sessions; if no suitable title is found, make one up). 

H. Corrections. Authors should note that no corrections of any 
kind can be made in the office to which abstracts are sent. Any 
abstract which has been incorrectly prepared will be returned to 
the authors. The corrected version of a rejected abstract must 
reach the appropriate office of the Society by the deadline for 
the meeting at which the paper is to be presented. An abstract 
that has been accepted for the program of a meeting may be 
modified or withdrawn if a new version of the abstract or in¬ 
structions for withdrawal are received in the office within five 
calendar days after the deadline for the meeting at which the pa¬ 
per is to be presented. A $10 service charge is assessed for either 
of these two services: Payment must accompany the new version 
of the abstract or the instructions for withdrawal of an abstract. 

A copy of the original abstract (clearly labeled as such) should 
be enclosed with the new version or with the instructions for 
withdrawal of an abstract. 

IV. Choice of Session 

If the announcement for any meeting specifies that both poster 
and regular sessions are planned, authors should indicate in 
which type of session they prefer to have their papers placed. If 
the authors make no choice, the organizing committee for the 
meeting will place the abstract in whichever of the sessions they 
consider most appropriate. Authors whose papers have been as¬ 
signed to poster sessions will be notified of this action by mail 
no later than one month after the deadline for submission of 
contributed paper abstracts. 
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V. Author's Instructions 

All instructions regarding an abstract must appear at the top or 
bottom of the abstract itself, not in the covering letter. If the ab¬ 
stract is to precede or follow the abstract of another paper, these 
instructions must appear on both abstracts. If the paper is or is 
not to be scheduled on a specific day, these instructions (ap¬ 
pearing on the appropriate abstract) will be followed. If authors 
specify that their papers are to be presented in poster sessions 
even though no poster sessions on that topic have been sched¬ 
uled, these instructions will be honored. Such scheduling re¬ 
quests may result in a paper being assigned to sessions with 
unrelated papers. 

VI. Poster Sessions 

A. Publication of Abstracts. Abstracts assigned to poster sessions 
are also grouped by topic, assigned a number in the meeting pro¬ 
gram, and published in the Bulletin. 

B. Duration of Poster Sessions. Each poster session lasts for an 
entire morning or for an entire afternoon. The material to be dis¬ 
played should be mounted on the assigned panel (the one bear¬ 
ing the same number as that assigned to the abstract) during the 
fifteen minutes immediately preceding the beginning of the ses¬ 
sion and should be removed promptly at the close of the session. 


Material not removed by 12:30 P.M. (after a morning session) or 
by 5:30 P.M. (after an afternoon session) will be discarded. 

C. Space Allotment. A poster board is a flat panel, approximate¬ 
ly 1.2 m high by 1.8 m wide, mounted vertically. Display mater¬ 
ial may be attached to the panel with either thumb tacks or tape, 
both of which will be provided. Please do not use staples or 
mark the panel. 

D. Display Material. Poster material will ordinarily be read from 
distances of 1 to 2 m. Lettering less than 10 mm high is practical¬ 
ly illegible at these distances. The title of the abstract, the au¬ 
thors), and the institution(s) should appear at the top of the 
display in letters not less than 25 mm high. All illustrations 
should be prepared beforehand. Charts, drawings, and other fig¬ 
ures prepared for slides or for transparencies for overhead pro¬ 
jection are usually appropriate for poster displays if the print is 
large enough. The displayed text and figures should carry the 
message without requiring any additional comment. Most view¬ 
ers will scan the display for its salient features and then, if some¬ 
thing catches their attention, they will linger for closer study of 
the display and for discussion of details with the author. If you 
intend to leave your station to look at other poster presentations, 
please post a sign which tells viewers when you plan to return. 


Abstract Submitted 
for the_Meeting of the 

Physics and Astronomy American Physical Society Suggested title of session 

Classification Scheme - in which paper should be placed 

Number 25.85 Date Nuclear Fission 

Slow Neutron Fission Cross Section of Th 229 .* 

J.P. FELVINCI, J.R. TORASKAR, and E. MELKONIAN, 

Columbia U .**—Synchrocyclotron produced neutrons were 
used to measure the fission cross section of Th 229 
relative to U 235 . Fission fragments fron a thin, 21 
yg/cm 2 Th 229 target of 99.94% istopic purity were 
detected by a solid state detector. The time-of-flight 
of the neutron causing the fission and the energy of 
the single fission fragment were recorded. Resonances 
observed in Th 229 in addition to those previously 
reported were at 5.95, 10.8, 13.3, 23.3, 25.9, 29.7, 

35.0, 39.8, 43.2, 46.5, 48.5, and 51.0 eV. The o Q r f 
values for most of the resonances were determined 
frart a comparison with U 2 3 5 . In those cases where a Q 
was known, the fission width was also calculated. 

The thermal cross section derived from a measurement at 
9.07 eV was lower than the presently accepted value 
(i.e. 6 vs 30.5 bams) . The three very lev/ energy 
resonances reported by Konakhovich and Pevsner 1 were 
not observed. 

*Submitted by W.W. HAVENS, JR. 

**Supported by US ERDA Contract E(11-1)-2176 
X Y.Y. Konakhovich and M.I. Pevsner, J. At. Energy 
8,39 (1961). 
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ACS-1978T 


Shortened Version 


J 


A shortened version of the Physics and Astronomy Classification 
Scheme (PACS 1978, identical to PACS 1977) has been prepared 
for classifying abstracts submitted for meetings of the American 
Physical Society. The shortened PACS subject headings are re¬ 
quired on the form to insure that the abstract is placed in the 
correct session. If you cannot find an index number which is suit¬ 
able for classifying your abstract, please look through previous 
issues of the Bulletin and use the most appropriate heading of 
the session from a previous meeting. 


With the exception of Sections 84, 85, and 89, the PACS scheme 
is the International Classification for Physics 1977 agreed upon 
by the member services of the Abstracting Board (Physics Work¬ 
ing Group) of the International Council of Scientific Unions. The 
hope is that physicists (and other users of physics information) 
will eventually encounter only this one common classification 
scheme in the widest possible spectrum of publications and 
services. 


The scheme will have to evolve, of course, as physics itself 
evolves, but further annual changes are expected to be small in 
the next few years. In arriving at the present (1977) version, a 
crucial role was played by the Editors of the Physical Review 
and Physical Review Letters and other journals published by AIP, 
and individual physicist advisors designated by the APS Divisions 
and other AIP member societies. The result is a compromise, and 
will not necessarily satisfy everyone, particularly in those areas 
where different groups of physicists have strongly divergent 
views of the structure of physics. In the end, a classification 
scheme, of necessity a linear arrangement of terms, cannot do 
justice to the structure of a subject as multidimensional and as 
dynamic as physics. We would appreciate any comments or 
suggestions readers may have both on the scheme and the form 
of presentation. Please address them to the Editor of the Bulletin. 

In indexing an abstract always use the deepest available level of 
detail which is appropriate; use higher level headings only if none 
of the subheadings are adequate for your abstract. Choose as 
many as you need in order of importance, but not more than 
four. Please, do not use this shortened version for indexing pa¬ 
pers submitted to Physical Review or Physical Review Letters; 
use full PACS following the instructions given there for the 
indexing of papers. 


00 GENERAL 

01 Education, history, and philosophy 
02 Mathematical methods in physics 

03 Classical and quantum physics 

03.20 Classical mechanics 
03.30 Special relativity 
03.50 Classical electrodynamics 
03.65 Quantum mechanics 
03.70 Quantum field theory 
04 Relativity and gravitation 
(See also 03.30) 

05 Statistical physics and thermodynamics 


10 ELEMENTARY PARTICLES AND FIELDS 

(See also 29 and 92) 

11 General theory of fields and particles 

(See also 03.65 and 03.70) 

12 Specific models 

12.20 Electromagnetic and unified gauge 
fields 

12.30 Weak interactions 

12.40 Strong interactions 

13 Specific reactions and phenomenology 

13.10 Weak and electromagnetic interactions 
of leptons 

13.15 Neutrino interactions 

13.60 Photon and lepton interactions with 
hadrons 

13.75 Hadron-induced reactions < 10 GeV 
13.85 Hadron-induced reactions > 10 GeV 

14 Properties of specific particles and resonances 


20 NUCLEAR PHYSICS 

21 Nuclear structure 

23 Nuclear decay and radioactivity 

24 Nuclear reactions and scattering: general 

25 Nuclear reactions and scattering: specific 

reactions 

25.10 Few nucleon systems 

25.20 Photonuclear reactions 

25.30 Lepton-induced reactions 

25.40 Nucleon-induced reactions 

25.50 2 H- and 3 H-induced reactions 

25.60 3 He- and 4 He-induced reactions 

25.70 Heavy-particle-induced reactions 

25.80 Meson- and hyperon-induced reactions 

28 Nuclear engineering and nuclear power studies 

29 Experimental methods and instrumentation for 
elementary particle and nuclear physics 


30 ATOMIC AND MOLECULAR PHYSICS 

(See also 82) 

31 Electronic structure of atoms and molecules, 
theory 

(See also 71) 

32 Atomic spectra and interactions with photons 

33 Molecular spectra and interactions of molecules 
with photons 

34 Atomic and molecular collision processes 
and interactions 


35 Experimentally derived information on atoms 
and molecules 

36 Studies of special atoms and molecules 

40 CLASSICAL AREAS OF 
PHENOMENOLOGY 

41 Electricity and magnetism 

42 Optics 

(See also 78) 

43 Acoustics 

44 Heat flow 

46 Mechanics, elasticity, rheology 

47 Fluid dynamics 
(See also 67) 

50 FLUIDS, PLASMAS, AND ELECTRIC 
DISCHARGES fSee also 60 and 70) 

51 Kinetic and transport theory; 
physics of gases 

52 Physics of plasmas and electric discharges 

60 CONDENSED MATTER: STRUCTURE, 
MECHANICAL AND THERMAL 
PROPERTIES 

61 Structure of liquids and solids; 
crystallography 

(See also 68.20 and 71) 

61.10 Determinations of structure 
(See also 61.80) 

61.20 Liquid structure 
(See also 71) 

61.50 Crystalline state 

61.70 Defects in crystals 

(See also 61.80, 62, and 71.70) 

61.80 Radiation damage and other irradiation 
effects 

(See also 61.10 and 79.20) 

62 Mechanical and acoustical properties of 
condensed matter 

(See also 61.70 and 81) 

63 Lattice dynamics and crystal statistics 
(See also 65 and 78.30) 

64 Equations of state, phase equilibria, and phase 
transitions 

65 Thermal and thermomechanical 
properties 

(See also 63) 

66 Diffusion and thermal conduction 
(nonelectronic) 

67 Quantum fluids and solids; liquid and solid 
helium 

68 Surfaces and interfaces; thin films and 
whiskers; nonelectronic properties 

(See also 73 and 79) 

68.55 Thin film growth, structure, and 
epitaxy 

68.70 Whiskers and dendrites 

70 CONDENSED MATTER: ELECTRONIC 
STRUCTURE, ELECTRICAL, 
MAGNETIC, AND OPTICAL 
PROPERTIES 

71 Electron states 
(See also 63) 

71.25 Nonlocalized single-particle electronic 
states 


71.35 Excitons and related phenomena 

71.55 Impurity and defect levels 

71.70 Level splitting and interactions 
(See also 75.30) 

72 Electronic transport 
(See also 73) 

72.15 Electronic conduction in metals and 
alloys 

72.20 Conductivity phenomena in semi¬ 
conductors and insulators 

72.40 Photoconduction and photovoltaic 
effects 

72.50 Acoustoelectric effects 

72.70 Noise processes and phenomena 

73 Electronic structure and electrical properties of 
surfaces, interfaces, and thin films 

74 Superconductivity 

75 Magnetic properties and materials 

75.20 Diamagnetism and paramagnetism 

75.30 Magnetically ordered materials and 
magnetic transitions 

75.60 Domains and their effects 

76 Magnetic resonances and relaxation; Mossbauer 
effect 

77 Dielectric properties and materials 
(See also 72.20) 

77.20 Permittivity, dielectric loss and 
breakdown 

77.60 Piezoelectric and pyroelectric effects 

77.80 Ferroelectricity 

78 Optical properties 
(See also 63) 

78.30 Infrared and Raman spectra 

78.40 Visible and ultraviolet spectra 

78.55 Luminescence phenomena 

78.70 X-ray spectra and positron annihilation 

79 Electron and ion emission by liquids and solids; 
impact phenomena 

79.20 Impact phenomena including 
electron spectra and sputtering 

79.40 Thermionic, field-, and photoemission 


80 CROSS-DISCIPLINARY PHYSICS AND 
RELATED AREAS OF SCIENCE AND 
TECHNOLOGY 

81 Materials science 

82 Physical chemistry 

84 Electromagnetic technology 
87 Biophysics, medical physics, and biomedical 
engineering 


90 GEOPHYSICS, ASTRONOMY, AND 
ASTROPHYSICS 

91 Solid earth geophysics 

92 Hydrospheric and atmospheric geophysics 

93 Geophysics observations and instrumentation 

94 Aeronomy and space physics 

95 Fundamental astronomy and astrophysics 

96 Solar system 

97 Stars 

98 Galactic and extragalactic objects and systems 
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APKER AWARD 

FOR OUTSTANDING ACHIEVEMENT IN PHYSICS BY 
AN UNDERGRADUATE STUDENT. 


Third Annual Competition, 1980 


DESCRIPTION: 

The purpose of the “Apker Award” is to recognize outstanding achievement in 
physics by an undergraduate student and thereby provide encouragement to a young 
physicist who has demonstrated great potential for future scientific accomplishment. 

This annual award has been established as a memorial to Dr. LeRoy Apker, who 
had a distinguished career as a solid state physicist at General Electric, through an 
endowment donated by Jean Dickey Apker to The American Physical Society for this 
purpose. The award consists of $2,000, an allowance for travel to the meeting of the 

Society at which the award is announced, and a certificate citing the work and school 
of the recipient. 

QUALIFICATIONS 
OF APPLICANTS: 

Nominations are open to students at colleges or universities in the United States 
who were enrolled as undergraduates during at least a part of the 12 month period 
preceding the June 15,1980 deadline. Only one candidate may be nominated by a 
physics department. The candidate should have completed the requirements for 
an undergraduate degree with an excellent academic record and should have 
demonstrated exceptional potential for scientific research by an original contribu¬ 
tion to physics. 

APPLICATION 

PROCEDURE: 

The application should include: 1) A letter of nomination from the head of the physics 
department, 2) A copy of the student’s academic transcript, 3) A senior thesis, pub¬ 
lication, or other documentation written by the student, including a 1,000 word sum¬ 
mary describing the original contribution to physics submitted for this award, 4) Two 
letters of recommendation from physicists who know the candidate’s individual 
contribution to the work submitted. The deadline for completed applications is 

June 15, 1980. 

SELECTION 

PROCEDURE: 

An Apker Award Selection Committee appointed by the APS President will review 
the applications submitted and will select the Award Winner from four finalists who 
will be invited for interviews with the Committee in September, 1980. Prof. Norman 

Ramsey (Harvard), Past President of the Society, will chair the 1980 Selection 
Committee. 

AWARD 

PRESENTATION: 

The award will be presented at the APS Annual Meeting in New York, January 26-29, 

1981. The Award Winner will be invited to give a brief talk at an appropriate session 
during the Annual Meeting. The arrangements for the award presentation and for the 
talk by the winner will be made in collaboration with the American Association of 

Physics Teachers and the Society of Physics Students. 

FOR FURTHER 
INFORMATION: 

Interested students or faculty should contact: 

Dr. J. A. Burton, Administrator 

Apker Award Selection Committee 

The American Physical Society PLEASE POST 

335 East 45th Street 

New York, New York 10017 


Telephone: 212-682-7341 

The deadline for receipt of completed applications is June 15,1980 
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CALENDAR OF MEETINGS 



APRIL 1980 

GENERAL MEETINGS 

Place 

Meeting Dates 

Deadline Dates 


New York, N.Y. 

26-29 Jan.1981 

31 Oct. 1980 


Phoenix, Ariz. 

16-20 Mar. 1981 

12 Dec. 1980 


Baltimore, Md. 

20-23 Apr. 1981 

20 Jan. 1981 


New Orleans, La. 

(San Francisco, Calif. 25-28 Jan. 1982; 

23-25 Nov. 1981 

Dallas, Tex. 8-12 Mar. 1982.) 

4 Sept. 1981 



ABSTRACT MAILING INFORMATION 

Abstracts for general meetings are to be sent to W.W. Havens, Jr., The American Physical Society, 335 East 45th Street, 

New York, N.Y. 10017. Abstracts for separate Division and Section Meetings, and Topical Conferences are to be sent to the person 
designated to receive the abstracts specified in the announcement of the meeting. 

Abstracts must be in the appropriate office of the Society by the deadline date to be accepted. Figure out the latest possible date by 
which your abstract must be mailed in order to reach the appropriate office—and then mail it at least two days earlier. Registered mail 
is a hindrance, not a help; and Special Delivery must not be relied on. The privilege of contributing papers to meetings of The 
American Physical Society is restricted to (1) APS members in good standing; (2) if no author of an abstract is a member, see 
"Regulations for Preparing Abstracts"; and (3) a nonmember whose complete membership application and payment for the first 
year's dues is on file at the time of the appropriate deadline. ALL ABSTRACTS, HOWEVER, MUST BE SUBMITTED AND SIGNED 
BY AN APS MEMBER, REGARDLESS OF THE STATUS OF THE ABSTRACT AUTHORS. 

SEPARATE DIVISIONAL MEETINGS 


Place 

Division 

Meeting Dates 

Deadline Dates 

Minneapolis, Minn. 

Nuclear Physics 

9-11 Oct. 1980 


San Diego, Calif. 

Plasma Physics 

10-14 Nov. 1980 


Ithaca, N.Y. 

Fluid Dynamics 

24-26 Nov. 1980 


Los Angeles, Calif. 

Electron & Atomic Physics 

1-3 Dec. 1980 


Asilomar, Calif. 

Nuclear Physics 

28-30 Oct. 1981 


New York, N.Y. 

Plasma Physics 

2-6 Nov. 1981 


Monterey, Calif. 

Fluid Dynamics 

23-25 Nov. 1981 


New York, N.Y. 

Electron & Atomic Physics 

3-5 Dec. 1981 


New Orleans, La. 

Plasma Physics 

1-5 Nov. 1982 


Los Angeles, Calif. 

Plasma Physics 

7-11 Nov. 1983 


SECTIONAL MEETINGS 

Place 

Section 

Meeting Dates 

Deadline Dates 

Ithaca, N.Y. 

New York 

11-12 April 1980 


Kingston, R.l. 

New England 

18-19 April 1980 

4 April 1980 

Toledo, Ohio 

Ohio 

9-10 May 1980 

8 April 1980 

Cambridge, Mass. 

New England 

3-4 Oct. 1980 

Dayton, Ohio 

Ohio 

17-18 Oct. 1980 

19 Sept. 1980 

Chapel Hill, N.C. 

Southeastern 

6-8 Nov. 1980 

11 Sept. 1980 

Worcester, Mass. 

New England 

17-18 April 1981 

Athens, Ohio 

Ohio 

23-24 Oct. 1981 


New Orleans, La. 

Southeastern 

23-25 Nov. 1981 


Lexington, Ky. 

Southeastern 

28-30 Oct. 1982 


TOPICAL CONFERENCES 

Place 

Conference Name 

Meeting Dates 

Deadline Dates 

Detroit, Mich. 

Physics in the Automotive Industry 

15-16 May 1980 


Lake Geneva, Wise. 

Ordering in Two Dimensions 

28-30 May 1980 

Past 

Morgantown, W.Va. 

Chemistry & Physics of Coal Utilization 

2-4 June 1980 


Ithaca, N.Y. 

40th Physical Electronics Conference 

16-18 June 1980 

25 Apr. 1980 

Raleigh, N.C. 

Physics of MOS Insulators 

18-20 June 1980 

Past 

Yorktown Heights, N.Y. 

Determination of Surface Structure by LEED 

19-20 June 1980 


West Berlin, Germany 

5th Int'l Conference on Spectral 

7-11 July 1980 

1 May 1980 

Santa Fe, N.M. 

Line Shapes 

Polarization Phenomena in Nuclear Physics 

11-15 Aug. 1980 


San Jose, Calif. 

Laser Photochemistry in Large Molecules 
& Solids 

20-22 Aug. 1980 

20 June 1980 

Berkeley, Calif. 

Int'l. Conference on Nuclear Physics 

24-30 Aug. 1980 

1 Apr. 1980 

Minneapolis, Minn. 

Cosmic Ray Astrophysics & Gamma-Ray 

3—6 Sept. 1980 

Santa Fe, N.M. 

Line Astron. 

1980 Applied Superconductivity Conf. 

29 Sept.-2 Oct. 1980 


Norman, Okla. 

33rd Ann. Gaseous Electronics Conf. 

7-10 Oct. 1980 

1 Aug. 1980 

Denton, Tex. 

6th Conference on the Appl. of Accelerators 

3-5 Nov„ 1980 

1 July 1980 

Dallas, Tex. 

in Research & Industry 

26th Ann. Conf. on Magnetism & Mag. Mater. 

11-14 Nov. 1980 

25 July 1980 

Baltimore, Md. 

10th Texas Symp. on Relativistic Astrophys. 

15-19 Dec. 1980 

Bloomington, Ind. 

Int'l. Conference on Phonon Physics 

31 Aug.-3 Sept. 1981 


Bozeman, Mont. 

41st Ann. Phys. Electronics Conf. 

29 June-1 July 1981 
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